
6. Natural convection

<latexit sha1_base64="7SGBxgV//dCeGiWuDwj/VnNA8cU=">AAAB/XicdVDLSsNAFJ3UV42v+ti5GSyCi1ISqVXBRcGNywp9QRPCZDpph04mYWYixFD8FTcuFHHrf7jzb5y2EarogQuHc+7l3nv8mFGpLOvTKCwtr6yuFdfNjc2t7Z3S7l5HRonApI0jFomejyRhlJO2ooqRXiwICn1Guv74eup374iQNOItlcbEDdGQ04BipLTklQ7ankN5oNKKUzFbOfdKZatqzQAXyJllX9ZtaOdKGeRoeqUPZxDhJCRcYYak7NtWrNwMCUUxIxPTSSSJER6jIelrylFIpJvNrp/AY60MYBAJXVzBmbo4kaFQyjT0dWeI1Ej+9qbiX14/UcGFm1EeJ4pwPF8UJAyqCE6jgAMqCFYs1QRhQfWtEI+QQFjpwEwdwven8H/SOa3a9WrttlZuXOVxFMEhOAInwAbnoAFuQBO0AQb34BE8gxfjwXgyXo23eWvByGf2wQ8Y71+xRpS9</latexit>

U1, T1
<latexit sha1_base64="nXy9diiABNg05pflMSBPPRe4bY8=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiB4CjMS1IOHgBePEbNBMoSeTk/SpKdn6K4RwpBP8OJBEa9+kTf/xs4ixO1BweO9KqrqBYkUBl33w8mtrK6tb+Q3C1vbO7t7xf2DpolTzXiDxTLW7YAaLoXiDRQoeTvRnEaB5K1gdD31W/dcGxGrOo4T7kd0oEQoGEUr3dV7plcseWV3BuL+Il9WCRao9Yrv3X7M0ogrZJIa0/HcBP2MahRM8kmhmxqeUDaiA96xVNGIGz+bnTohJ1bpkzDWthSSmbo8kdHImHEU2M6I4tD89KbiX14nxfDSz4RKUuSKzReFqSQYk+nfpC80ZyjHllCmhb2VsCHVlKFNp7Acwv+keVb2zsuV20qperWIIw9HcAyn4MEFVOEGatAABgN4gCd4dqTz6Lw4r/PWnLOYOYRvcN4+ATuAjcI=</latexit>

Ts

<latexit sha1_base64="d7YXKwqe87gnKVlmfg6PNB+u/vQ=">AAAB9XicdVDLSgMxFL1TX7W+qi7dBIvgqsyIVgXBghtxVaEvaMeSSTNtaCYzJBmlDP0PNy4Uceu/uPNvzLQjVNEDgcM593JPjhdxprRtf1q5hcWl5ZX8amFtfWNzq7i901RhLAltkJCHsu1hRTkTtKGZ5rQdSYoDj9OWN7pK/dY9lYqFoq7HEXUDPBDMZwRrI911A6yHnp/cTHr1y0KvWLLL9hRojpzYznnFQU6mlCBDrVf86PZDEgdUaMKxUh3HjrSbYKkZ4XRS6MaKRpiM8IB2DBU4oMpNpqkn6MAofeSH0jyh0VSd30hwoNQ48MxkmlL99lLxL68Ta//MTZiIYk0FmR3yY450iNIKUJ9JSjQfG4KJZCYrIkMsMdGmqLSE75+i/0nzqOxUyse3x6XqRVZHHvZgHw7BgVOowjXUoAEEJDzCM7xYD9aT9Wq9zUZzVrazCz9gvX8B+7eSKw==</latexit>

JT ?

<latexit sha1_base64="WmkoRPlKPlOmABONuXkLXoY+8b4=">AAAB6nicdVBNS8NAEJ3Ur1q/qh69LBbBU0mkVgXBghePFU1baEPZbDft0s0m7G6EEvoTvHhQxKu/yJv/xk0boYo+GHi8N8PMPD/mTGnb/rQKS8srq2vF9dLG5tb2Tnl3r6WiRBLqkohHsuNjRTkT1NVMc9qJJcWhz2nbH19nfvuBSsUica8nMfVCPBQsYARrI925V6V+uWJX7RnQAjm1nYu6g5xcqUCOZr/80RtEJAmp0IRjpbqOHWsvxVIzwum01EsUjTEZ4yHtGipwSJWXzk6doiOjDFAQSVNCo5m6OJHiUKlJ6JvOEOuR+u1l4l9eN9HBuZcyESeaCjJfFCQc6Qhlf6MBk5RoPjEEE8nMrYiMsMREm3SyEL4/Rf+T1knVqVdrt7VK4zKPowgHcAjH4MAZNOAGmuACgSE8wjO8WNx6sl6tt3lrwcpn9uEHrPcvisGNTw==</latexit>

U?

www.youtube.com/watch?v=1MA-zEUepvs



6. Natural convection

Thermal expansion coefficient: 

Principle: hot air balloon (montgolfière) 

<latexit sha1_base64="zuoMHgEicC8eItWSd1okwjM0kOQ=">AAAB+nicjVDLSsNAFJ3UV62vVJduBosgCCWVoi5cFHThskJf0IQwmU7aoZNJmLlRQuynuHGhiFu/xJ1/4/SxUFHwwIXDOfdyDydIBNfgOB9WYWl5ZXWtuF7a2Nza3rHLux0dp4qyNo1FrHoB0UxwydrAQbBeohiJAsG6wfhy6ndvmdI8li3IEuZFZCh5yCkBI/l2ueW7XIaQHbtXTADBLd+u1KrODPhvUkELNH373R3ENI2YBCqI1v2ak4CXEwWcCjYpualmCaFjMmR9QyWJmPbyWfQJPjTKAIexMiMBz9SvFzmJtM6iwGxGBEb6pzcVf/P6KYTnXs5lkgKTdP4oTAWGGE97wAOuGAWRGUKo4iYrpiOiCAXTVul/JXROqrXTav2mXmlcLOooon10gI5QDZ2hBrpGTdRGFN2hB/SEnq1769F6sV7nqwVrcbOHvsF6+wR2CZN5</latexit>

T1 +�T

<latexit sha1_base64="OlCiYF7g52ajYmSpbHSisjX3A3k=">AAAB/3icdVDLSsNAFJ3UV62vqODGzWARXJSSSK0KLgpuXFboC5oQJtNJO3QyCTMTIcQu/BU3LhRx62+482+cthGq6IELZ865l7n3+DGjUlnWp1FYWl5ZXSuulzY2t7Z3zN29jowSgUkbRywSPR9JwignbUUVI71YEBT6jHT98fXU794RIWnEWyqNiRuiIacBxUhpyTMPWp5DeaDSilNxxCjKX55ZtqrWDHCBnFn2Zd2Gdq6UQY6mZ344gwgnIeEKMyRl37Zi5WZIKIoZmZScRJIY4TEakr6mHIVEutls/wk81soABpHQxRWcqYsTGQqlTENfd4ZIjeRvbyr+5fUTFVy4GeVxogjH84+ChEEVwWkYcEAFwYqlmiAsqN4V4hESCCsdWUmH8H0p/J90Tqt2vVq7rZUbV3kcRXAIjsAJsME5aIAb0ARtgME9eATP4MV4MJ6MV+Nt3low8pl98APG+xf83pYX</latexit>

T1, ⇢1

<latexit sha1_base64="uJII9DfyxTAUH8P2SqqLG9bxrus=">AAACAHicjZDNS8MwGMbT+TXnV9WDBy/BIXhxtDLUg4eBHjxOcB+wlpFm6RaWpiV5K5Syi/+KFw+KePXP8OZ/Y9btoKLgA4GH3/O+JHmCRHANjvNhlRYWl5ZXyquVtfWNzS17e6et41RR1qKxiFU3IJoJLlkLOAjWTRQjUSBYJxhfTvPOHVOax/IWsoT5ERlKHnJKwKC+veepUdz3uAwhO/aumACCC2RX3ZpTCP9tqmiuZt9+9wYxTSMmgQqidc91EvBzooBTwSYVL9UsIXRMhqxnrCQR035efGCCDw0Z4DBW5kjABf26kZNI6ywKzGREYKR/ZlP4W9ZLITz3cy6TFJiks4vCVGCI8bQNPOCKURCZMYQqbt6K6YgoQsF0VvlfCe2Tmntaq9/Uq42LeR1ltI8O0BFy0RlqoGvURC1E0QQ9oCf0bN1bj9aL9TobLVnznV30TdbbJ4ULllk=</latexit>

⇢1 ��⇢

<latexit sha1_base64="j2ZF5ImfZRu0Ov5Idntr09xed7I="></latexit>

⇢(T ) = ⇢1 (1� �(T � T1))

<latexit sha1_base64="7QbbJQe6HBSAgEJi6eszit/t06M=">AAACIHicdVBdS8MwFE39nPOr6qMvwSH44mhlbgoKA198nLAvWMdIs3QLS9OSpMIo/Sm++Fd88UERfdNfY9pVnKIHAueec2+Se9yQUaks691YWFxaXlktrBXXNza3ts2d3bYMIoFJCwcsEF0XScIoJy1FFSPdUBDku4x03MlV6nduiZA04E01DUnfRyNOPYqR0tLArDkuUQhewmPHEwjHdhI7Yhwks8oJkVAUMZhp32UzGZglq2xlgHPk1LLPqza0c6UEcjQG5pszDHDkE64wQ1L2bCtU/Ti9EDOSFJ1IkhDhCRqRnqYc+UT242zBBB5qZQi9QOjDFczU+YkY+VJOfVd3+kiN5W8vFf/yepHyzvox5WGkCMezh7yIQRXANC04pIJgxaaaICyo/ivEY6SjUTrTog7ha1P4P2mflO1quXJTKdUv8jgKYB8cgCNggxqog2vQAC2AwR14AE/g2bg3Ho0X43XWumDkM3vgB4yPT7wyo/0=</latexit>

� = �1

⇢

@⇢

@T

<latexit sha1_base64="yNbVAXI+9wCqcIzVJ491XP3+NI0=">AAAB+3icjVDLSgMxFM3UV62vsS7dBIvgqsyIqAuFgiIuK9gHdIaSSe+0oZlkSDJiGforblwo4tYfceffmD4WKgoeuHA4517u4UQpZ9p43odTWFhcWl4prpbW1jc2t9ztclPLTFFoUMmlakdEA2cCGoYZDu1UAUkiDq1oeDHxW3egNJPi1oxSCBPSFyxmlBgrdd3yFT7HwSVwQ3CgBhI3+1234le9KfDfpILmqHfd96AnaZaAMJQTrTu+l5owJ8owymFcCjINKaFD0oeOpYIkoMN8mn2M963Sw7FUdoTBU/XrRU4SrUdJZDcTYgb6pzcRf/M6mYlPw5yJNDMg6OxRnHFsJJ4UgXtMATV8ZAmhitmsmA6IItTYukr/K6F5WPWPq0c3R5Xa2byOItpFe+gA+egE1dA1qqMGougePaAn9OyMnUfnxXmdrRac+c0O+gbn7RPmOpMQ</latexit>

F = �⇢V g

hot fluid rises up 
⇒ natural convection ↔︎ gravity



6. Natural convection

<latexit sha1_base64="7SGBxgV//dCeGiWuDwj/VnNA8cU=">AAAB/XicdVDLSsNAFJ3UV42v+ti5GSyCi1ISqVXBRcGNywp9QRPCZDpph04mYWYixFD8FTcuFHHrf7jzb5y2EarogQuHc+7l3nv8mFGpLOvTKCwtr6yuFdfNjc2t7Z3S7l5HRonApI0jFomejyRhlJO2ooqRXiwICn1Guv74eup374iQNOItlcbEDdGQ04BipLTklQ7ankN5oNKKUzFbOfdKZatqzQAXyJllX9ZtaOdKGeRoeqUPZxDhJCRcYYak7NtWrNwMCUUxIxPTSSSJER6jIelrylFIpJvNrp/AY60MYBAJXVzBmbo4kaFQyjT0dWeI1Ej+9qbiX14/UcGFm1EeJ4pwPF8UJAyqCE6jgAMqCFYs1QRhQfWtEI+QQFjpwEwdwven8H/SOa3a9WrttlZuXOVxFMEhOAInwAbnoAFuQBO0AQb34BE8gxfjwXgyXo23eWvByGf2wQ8Y71+xRpS9</latexit>

U1, T1

<latexit sha1_base64="dqqvSfrOpkMinM9CDqbqAB9W6J0=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgKexKjAoeAl48JmBiIFnC7KQ3GTP7YGZWDEu+wIsHRbz6Sd78GyfJClG0oKGo6qa7y4sFV9q2P63c0vLK6lp+vbCxubW9U9zda6kokQybLBKRbHtUoeAhNjXXAtuxRBp4Am+90dXUv71HqXgU3uhxjG5AByH3OaPaSI2HXrFkl+0ZyAI5tZ2LqkOcTClBhnqv+NHtRywJMNRMUKU6jh1rN6VScyZwUugmCmPKRnSAHUNDGqBy09mhE3JklD7xI2kq1GSmLk6kNFBqHHimM6B6qH57U/Evr5No/9xNeRgnGkM2X+QnguiITL8mfS6RaTE2hDLJza2EDamkTJtsCiaE70/J/6R1Unaq5UqjUqpdZnHk4QAO4RgcOIMaXEMdmsAA4RGe4cW6s56sV+tt3pqzspl9+AHr/QsGdo0V</latexit>x

<latexit sha1_base64="qHPev9mH+QWFPmaCjc/4oXtL74E=">AAAB6nicdVBNSwMxEJ2tX7V+VT16CRbBU9mVWhU8FLx4rNgvaJeSTbNtaJJdkqxQlv4ELx4U8eov8ua/MW1XqKIPBh7vzTAzL4g508Z1P53cyura+kZ+s7C1vbO7V9w/aOkoUYQ2ScQj1QmwppxJ2jTMcNqJFcUi4LQdjG9mfvuBKs0i2TCTmPoCDyULGcHGSveNvu4XS27ZnQMtkXPXu6p6yMuUEmSo94sfvUFEEkGlIRxr3fXc2PgpVoYRTqeFXqJpjMkYD2nXUokF1X46P3WKTqwyQGGkbEmD5uryRIqF1hMR2E6BzUj/9mbiX143MeGlnzIZJ4ZKslgUJhyZCM3+RgOmKDF8YgkmitlbERlhhYmx6RRsCN+fov9J66zsVcuVu0qpdp3FkYcjOIZT8OACanALdWgCgSE8wjO8ONx5cl6dt0VrzslmDuEHnPcvWQ6N1w==</latexit>

Ts

<latexit sha1_base64="ylty+ksm20EFA5kmXZz1ulkv4bg=">AAAB6XicdVBNS8NAEJ3Ur1q/oh69LBbBU0mkVgUPBS8eq9gPaEPZbDft0s0m7G6EGvoPvHhQxKv/yJv/xk0boYo+GHi8N8PMPD/mTGnH+bQKS8srq2vF9dLG5tb2jr2711JRIgltkohHsuNjRTkTtKmZ5rQTS4pDn9O2P77K/PY9lYpF4k5PYuqFeChYwAjWRrp9KPXtslNxZkAL5NRxL2oucnOlDDkaffujN4hIElKhCcdKdV0n1l6KpWaE02mplygaYzLGQ9o1VOCQKi+dXTpFR0YZoCCSpoRGM3VxIsWhUpPQN50h1iP128vEv7xuooNzL2UiTjQVZL4oSDjSEcreRgMmKdF8YggmkplbERlhiYk24WQhfH+K/ietk4pbq1RvquX6ZR5HEQ7gEI7BhTOowzU0oAkEAniEZ3ixxtaT9Wq9zVsLVj6zDz9gvX8BPgSNKw==</latexit>z

<latexit sha1_base64="WmkoRPlKPlOmABONuXkLXoY+8b4=">AAAB6nicdVBNS8NAEJ3Ur1q/qh69LBbBU0mkVgXBghePFU1baEPZbDft0s0m7G6EEvoTvHhQxKu/yJv/xk0boYo+GHi8N8PMPD/mTGnb/rQKS8srq2vF9dLG5tb2Tnl3r6WiRBLqkohHsuNjRTkT1NVMc9qJJcWhz2nbH19nfvuBSsUica8nMfVCPBQsYARrI925V6V+uWJX7RnQAjm1nYu6g5xcqUCOZr/80RtEJAmp0IRjpbqOHWsvxVIzwum01EsUjTEZ4yHtGipwSJWXzk6doiOjDFAQSVNCo5m6OJHiUKlJ6JvOEOuR+u1l4l9eN9HBuZcyESeaCjJfFCQc6Qhlf6MBk5RoPjEEE8nMrYiMsMREm3SyEL4/Rf+T1knVqVdrt7VK4zKPowgHcAjH4MAZNOAGmuACgSE8wjO8WNx6sl6tt3lrwcpn9uEHrPcvisGNTw==</latexit>

U?
<latexit sha1_base64="ICXpeccP6YqdJFcsitpWXMeI+gc=">AAAB83icdVBNS8NAEJ3Ur1q/qh69LBbBU0mkVgWFghePFUxbaELZbDft0s0m7G6EEvo3vHhQxKt/xpv/xk0bQUUfDDzem2FmXpBwprRtf1ilpeWV1bXyemVjc2t7p7q711FxKgl1Scxj2QuwopwJ6mqmOe0lkuIo4LQbTK5zv3tPpWKxuNPThPoRHgkWMoK1kTx34DER6im6siuDas2u23Ogb+TUdi6aDnIKpQYF2oPquzeMSRpRoQnHSvUdO9F+hqVmhNNZxUsVTTCZ4BHtGypwRJWfzW+eoSOjDFEYS1NCo7n6fSLDkVLTKDCdEdZj9dvLxb+8fqrDcz9jIkk1FWSxKEw50jHKA0BDJinRfGoIJpKZWxEZY4mJNjHlIXx9iv4nnZO606w3bhu11mURRxkO4BCOwYEzaMENtMEFAgk8wBM8W6n1aL1Yr4vWklXM7MMPWG+fyGeQ3A==</latexit>

U1 = 0

<latexit sha1_base64="d7YXKwqe87gnKVlmfg6PNB+u/vQ=">AAAB9XicdVDLSgMxFL1TX7W+qi7dBIvgqsyIVgXBghtxVaEvaMeSSTNtaCYzJBmlDP0PNy4Uceu/uPNvzLQjVNEDgcM593JPjhdxprRtf1q5hcWl5ZX8amFtfWNzq7i901RhLAltkJCHsu1hRTkTtKGZ5rQdSYoDj9OWN7pK/dY9lYqFoq7HEXUDPBDMZwRrI911A6yHnp/cTHr1y0KvWLLL9hRojpzYznnFQU6mlCBDrVf86PZDEgdUaMKxUh3HjrSbYKkZ4XRS6MaKRpiM8IB2DBU4oMpNpqkn6MAofeSH0jyh0VSd30hwoNQ48MxkmlL99lLxL68Ta//MTZiIYk0FmR3yY450iNIKUJ9JSjQfG4KJZCYrIkMsMdGmqLSE75+i/0nzqOxUyse3x6XqRVZHHvZgHw7BgVOowjXUoAEEJDzCM7xYD9aT9Wq9zUZzVrazCz9gvX8B+7eSKw==</latexit>

JT ?

<latexit sha1_base64="vPKXDdfAPqUdp9rcVTemoP/NK54=">AAAB8HicdVBNS8NAEJ3Ur1q/qh69LBbBU0mkVgXBghePFeyHtKFsNpt26W4SdjdCCf0VXjwo4tWf481/46aNUEUfDDzem2FmnhdzprRtf1qFpeWV1bXiemljc2t7p7y711ZRIgltkYhHsuthRTkLaUszzWk3lhQLj9OON77O/M4DlYpF4Z2exNQVeBiygBGsjXTf9ynXGF2VBuWKXbVnQAvk1HYu6g5ycqUCOZqD8kffj0giaKgJx0r1HDvWboqlZoTTaamfKBpjMsZD2jM0xIIqN50dPEVHRvFREElToUYzdXEixUKpifBMp8B6pH57mfiX10t0cO6mLIwTTUMyXxQkHOkIZd8jn0lKNJ8Ygolk5lZERlhiok1GWQjfn6L/Sfuk6tSrtdtapXGZx1GEAziEY3DgDBpwA01oAQEBj/AML5a0nqxX623eWrDymX34Aev9C8duj7w=</latexit>

�?

Fluid flow induced by temperature contrast  
⇒ 1st approximation, single boundary layer

Simplified configuration: vertical wall

We need to solve 2 coupled equations:

Flow equation:

Heat equation:

<latexit sha1_base64="9v3QiaEfCaPjpiD/6kl2o6HWfnA="></latexit>

⇢
@u

@t
+ ⇢(u.r)u = �rP + ⌘�u+ ⇢1(1� �(T � T1))g

<latexit sha1_base64="gD8Z5/2HcFfeYZQHFiJqcAc9mRc="></latexit>

@T

@t
+ (u.r)T = ↵�T

<latexit sha1_base64="NShcJbFWGxCPCxTqxlvwVGGqDDY=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgKexKjAoeAl48eEjAmECyhNlJbzJm9sHMrBCWfIEXD4p49ZO8+TdOkhWiaEFDUdVNd5cXC660bX9auaXlldW1/HphY3Nre6e4u3enokQybLJIRLLtUYWCh9jUXAtsxxJp4AlseaOrqd96QKl4FN7qcYxuQAch9zmj2kiNm16xZJftGcgCObWdi6pDnEwpQYZ6r/jR7UcsCTDUTFClOo4dazelUnMmcFLoJgpjykZ0gB1DQxqgctPZoRNyZJQ+8SNpKtRkpi5OpDRQahx4pjOgeqh+e1PxL6+TaP/cTXkYJxpDNl/kJ4LoiEy/Jn0ukWkxNoQyyc2thA2ppEybbAomhO9Pyf/k7qTsVMuVRqVUu8ziyMMBHMIxOHAGNbiGOjSBAcIjPMOLdW89Wa/W27w1Z2Uz+/AD1vsXw7eM6Q==</latexit>

L



6. Natural convection

<latexit sha1_base64="7SGBxgV//dCeGiWuDwj/VnNA8cU=">AAAB/XicdVDLSsNAFJ3UV42v+ti5GSyCi1ISqVXBRcGNywp9QRPCZDpph04mYWYixFD8FTcuFHHrf7jzb5y2EarogQuHc+7l3nv8mFGpLOvTKCwtr6yuFdfNjc2t7Z3S7l5HRonApI0jFomejyRhlJO2ooqRXiwICn1Guv74eup374iQNOItlcbEDdGQ04BipLTklQ7ankN5oNKKUzFbOfdKZatqzQAXyJllX9ZtaOdKGeRoeqUPZxDhJCRcYYak7NtWrNwMCUUxIxPTSSSJER6jIelrylFIpJvNrp/AY60MYBAJXVzBmbo4kaFQyjT0dWeI1Ej+9qbiX14/UcGFm1EeJ4pwPF8UJAyqCE6jgAMqCFYs1QRhQfWtEI+QQFjpwEwdwven8H/SOa3a9WrttlZuXOVxFMEhOAInwAbnoAFuQBO0AQb34BE8gxfjwXgyXo23eWvByGf2wQ8Y71+xRpS9</latexit>

U1, T1

<latexit sha1_base64="dqqvSfrOpkMinM9CDqbqAB9W6J0=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgKexKjAoeAl48JmBiIFnC7KQ3GTP7YGZWDEu+wIsHRbz6Sd78GyfJClG0oKGo6qa7y4sFV9q2P63c0vLK6lp+vbCxubW9U9zda6kokQybLBKRbHtUoeAhNjXXAtuxRBp4Am+90dXUv71HqXgU3uhxjG5AByH3OaPaSI2HXrFkl+0ZyAI5tZ2LqkOcTClBhnqv+NHtRywJMNRMUKU6jh1rN6VScyZwUugmCmPKRnSAHUNDGqBy09mhE3JklD7xI2kq1GSmLk6kNFBqHHimM6B6qH57U/Evr5No/9xNeRgnGkM2X+QnguiITL8mfS6RaTE2hDLJza2EDamkTJtsCiaE70/J/6R1Unaq5UqjUqpdZnHk4QAO4RgcOIMaXEMdmsAA4RGe4cW6s56sV+tt3pqzspl9+AHr/QsGdo0V</latexit>x

<latexit sha1_base64="qHPev9mH+QWFPmaCjc/4oXtL74E=">AAAB6nicdVBNSwMxEJ2tX7V+VT16CRbBU9mVWhU8FLx4rNgvaJeSTbNtaJJdkqxQlv4ELx4U8eov8ua/MW1XqKIPBh7vzTAzL4g508Z1P53cyura+kZ+s7C1vbO7V9w/aOkoUYQ2ScQj1QmwppxJ2jTMcNqJFcUi4LQdjG9mfvuBKs0i2TCTmPoCDyULGcHGSveNvu4XS27ZnQMtkXPXu6p6yMuUEmSo94sfvUFEEkGlIRxr3fXc2PgpVoYRTqeFXqJpjMkYD2nXUokF1X46P3WKTqwyQGGkbEmD5uryRIqF1hMR2E6BzUj/9mbiX143MeGlnzIZJ4ZKslgUJhyZCM3+RgOmKDF8YgkmitlbERlhhYmx6RRsCN+fov9J66zsVcuVu0qpdp3FkYcjOIZT8OACanALdWgCgSE8wjO8ONx5cl6dt0VrzslmDuEHnPcvWQ6N1w==</latexit>

Ts

<latexit sha1_base64="ylty+ksm20EFA5kmXZz1ulkv4bg=">AAAB6XicdVBNS8NAEJ3Ur1q/oh69LBbBU0mkVgUPBS8eq9gPaEPZbDft0s0m7G6EGvoPvHhQxKv/yJv/xk0boYo+GHi8N8PMPD/mTGnH+bQKS8srq2vF9dLG5tb2jr2711JRIgltkohHsuNjRTkTtKmZ5rQTS4pDn9O2P77K/PY9lYpF4k5PYuqFeChYwAjWRrp9KPXtslNxZkAL5NRxL2oucnOlDDkaffujN4hIElKhCcdKdV0n1l6KpWaE02mplygaYzLGQ9o1VOCQKi+dXTpFR0YZoCCSpoRGM3VxIsWhUpPQN50h1iP128vEv7xuooNzL2UiTjQVZL4oSDjSEcreRgMmKdF8YggmkplbERlhiYk24WQhfH+K/ietk4pbq1RvquX6ZR5HEQ7gEI7BhTOowzU0oAkEAniEZ3ixxtaT9Wq9zVsLVj6zDz9gvX8BPgSNKw==</latexit>z

<latexit sha1_base64="WmkoRPlKPlOmABONuXkLXoY+8b4=">AAAB6nicdVBNS8NAEJ3Ur1q/qh69LBbBU0mkVgXBghePFU1baEPZbDft0s0m7G6EEvoTvHhQxKu/yJv/xk0boYo+GHi8N8PMPD/mTGnb/rQKS8srq2vF9dLG5tb2Tnl3r6WiRBLqkohHsuNjRTkT1NVMc9qJJcWhz2nbH19nfvuBSsUica8nMfVCPBQsYARrI925V6V+uWJX7RnQAjm1nYu6g5xcqUCOZr/80RtEJAmp0IRjpbqOHWsvxVIzwum01EsUjTEZ4yHtGipwSJWXzk6doiOjDFAQSVNCo5m6OJHiUKlJ6JvOEOuR+u1l4l9eN9HBuZcyESeaCjJfFCQc6Qhlf6MBk5RoPjEEE8nMrYiMsMREm3SyEL4/Rf+T1knVqVdrt7VK4zKPowgHcAjH4MAZNOAGmuACgSE8wjO8WNx6sl6tt3lrwcpn9uEHrPcvisGNTw==</latexit>

U?

<latexit sha1_base64="ICXpeccP6YqdJFcsitpWXMeI+gc=">AAAB83icdVBNS8NAEJ3Ur1q/qh69LBbBU0mkVgWFghePFUxbaELZbDft0s0m7G6EEvo3vHhQxKt/xpv/xk0bQUUfDDzem2FmXpBwprRtf1ilpeWV1bXyemVjc2t7p7q711FxKgl1Scxj2QuwopwJ6mqmOe0lkuIo4LQbTK5zv3tPpWKxuNPThPoRHgkWMoK1kTx34DER6im6siuDas2u23Ogb+TUdi6aDnIKpQYF2oPquzeMSRpRoQnHSvUdO9F+hqVmhNNZxUsVTTCZ4BHtGypwRJWfzW+eoSOjDFEYS1NCo7n6fSLDkVLTKDCdEdZj9dvLxb+8fqrDcz9jIkk1FWSxKEw50jHKA0BDJinRfGoIJpKZWxEZY4mJNjHlIXx9iv4nnZO606w3bhu11mURRxkO4BCOwYEzaMENtMEFAgk8wBM8W6n1aL1Yr4vWklXM7MMPWG+fyGeQ3A==</latexit>

U1 = 0

<latexit sha1_base64="vPKXDdfAPqUdp9rcVTemoP/NK54=">AAAB8HicdVBNS8NAEJ3Ur1q/qh69LBbBU0mkVgXBghePFeyHtKFsNpt26W4SdjdCCf0VXjwo4tWf481/46aNUEUfDDzem2FmnhdzprRtf1qFpeWV1bXiemljc2t7p7y711ZRIgltkYhHsuthRTkLaUszzWk3lhQLj9OON77O/M4DlYpF4Z2exNQVeBiygBGsjXTf9ynXGF2VBuWKXbVnQAvk1HYu6g5ycqUCOZqD8kffj0giaKgJx0r1HDvWboqlZoTTaamfKBpjMsZD2jM0xIIqN50dPEVHRvFREElToUYzdXEixUKpifBMp8B6pH57mfiX10t0cO6mLIwTTUMyXxQkHOkIZd8jn0lKNJ8Ygolk5lZERlhiok1GWQjfn6L/Sfuk6tSrtdtapXGZx1GEAziEY3DgDBpwA01oAQEBj/AML5a0nqxX623eWrDymX34Aev9C8duj7w=</latexit>

�?

Profiles in the boundary layer

<latexit sha1_base64="NShcJbFWGxCPCxTqxlvwVGGqDDY=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgKexKjAoeAl48eEjAmECyhNlJbzJm9sHMrBCWfIEXD4p49ZO8+TdOkhWiaEFDUdVNd5cXC660bX9auaXlldW1/HphY3Nre6e4u3enokQybLJIRLLtUYWCh9jUXAtsxxJp4AlseaOrqd96QKl4FN7qcYxuQAch9zmj2kiNm16xZJftGcgCObWdi6pDnEwpQYZ6r/jR7UcsCTDUTFClOo4dazelUnMmcFLoJgpjykZ0gB1DQxqgctPZoRNyZJQ+8SNpKtRkpi5OpDRQahx4pjOgeqh+e1PxL6+TaP/cTXkYJxpDNl/kJ4LoiEy/Jn0ukWkxNoQyyc2thA2ppEybbAomhO9Pyf/k7qTsVMuVRqVUu8ziyMMBHMIxOHAGNbiGOjSBAcIjPMOLdW89Wa/W27w1Z2Uz+/AD1vsXw7eM6Q==</latexit>

L

<latexit sha1_base64="K6MaeyGzTYHrDvN3HOBvOa2F0GA=">AAAB7XicdVDJSgNBEO2JW4xb1KOXxiB4CjMi6sFDwIvHCGaBZAg9nZqkTU/30F0jhJB/8OJBEa/+jzf/xs4ixO1BweO9KqrqRakUFn3/w8stLa+sruXXCxubW9s7xd29utWZ4VDjWmrTjJgFKRTUUKCEZmqAJZGERjS4mviNezBWaHWLwxTChPWUiAVn6KR6G/uArFMsBWV/Cur/Il9WicxR7RTf213NswQUcsmsbQV+iuGIGRRcwrjQziykjA9YD1qOKpaADUfTa8f0yCldGmvjSiGdqosTI5ZYO0wi15kw7Nuf3kT8y2tlGF+EI6HSDEHx2aI4kxQ1nbxOu8IARzl0hHEj3K2U95lhHF1AhcUQ/if1k3JwVj69OS1VLudx5MkBOSTHJCDnpEKuSZXUCCd35IE8kWdPe4/ei/c6a81585l98g3e2yeml48s</latexit>

✓
<latexit sha1_base64="NV8XE57h7CPosj+T5oKyitIr1D0=">AAAB/HicdVBNS8NAEN34WetXtEcvi0XwYkmkVgWFghePFfoFbSmb7aZdutmE3YkQQv0rXjwo4tUf4s1/47aNUEUfDDzem2FmnhcJrsFxPq2l5ZXVtfXcRn5za3tn197bb+owVpQ1aChC1faIZoJL1gAOgrUjxUjgCdbyxjdTv3XPlOahrEMSsV5AhpL7nBIwUt8udGHEgOBrXD+p97tc+pD07aJTcmbAC+TMcS8rLnYzpYgy1Pr2R3cQ0jhgEqggWndcJ4JeShRwKtgk3401iwgdkyHrGCpJwHQvnR0/wUdGGWA/VKYk4Jm6OJGSQOsk8ExnQGCkf3tT8S+vE4N/0Uu5jGJgks4X+bHAEOJpEnjAFaMgEkMIVdzciumIKELB5JU3IXx/iv8nzdOSWymV78rF6lUWRw4doEN0jFx0jqroFtVQA1GUoEf0jF6sB+vJerXe5q1LVjZTQD9gvX8BtPCUKw==</latexit>

✓ = T � T1



6. Natural convection
Doing our best to simplify !

<latexit sha1_base64="9v3QiaEfCaPjpiD/6kl2o6HWfnA="></latexit>

⇢
@u

@t
+ ⇢(u.r)u = �rP + ⌘�u+ ⇢1(1� �(T � T1))g

steady Boussinesq approximation: 
except in  

<latexit sha1_base64="tp7Bd1oG+L60jgDlFGwHBZunXD4=">AAAB/3icdVDLSsNAFJ3UV62vqODGzWARXJVEalVwUXDjsoJ9QBPCZDpph04mcWYihNiFv+LGhSJu/Q13/o2TNkIVPXDhcM693HuPHzMqlWV9GqWFxaXllfJqZW19Y3PL3N7pyCgRmLRxxCLR85EkjHLSVlQx0osFQaHPSNcfX+Z+944ISSN+o9KYuCEachpQjJSWPHPPEaPIkTQktzCnnkN5oFLPrFo1awo4R04s+7xhQ7tQqqBAyzM/nEGEk5BwhRmSsm9bsXIzJBTFjEwqTiJJjPAYDUlfU45CIt1sev8EHmplAINI6OIKTtX5iQyFUqahrztDpEbyt5eLf3n9RAVnbkZ5nCjC8WxRkDCoIpiHAQdUEKxYqgnCgupbIR4hgbDSkVV0CN+fwv9J57hmN2r163q1eVHEUQb74AAcARucgia4Ai3QBhjcg0fwDF6MB+PJeDXeZq0lo5jZBT9gvH8Bf9uWag==</latexit>⇢ ' ⇢!
<latexit sha1_base64="0/uo1R6iOrGzDoiu0E0dBzu4wRQ=">AAAB9XicdVBNS8NAEJ3Ur1q/qh69LBbBU0mkVgUPBS8eK9gPaGLZbDbt0k027G6UEvo/vHhQxKv/xZv/xm0boYo+GHi8N8PMPD/hTGnb/rQKS8srq2vF9dLG5tb2Tnl3r61EKgltEcGF7PpYUc5i2tJMc9pNJMWRz2nHH11N/c49lYqJ+FaPE+pFeBCzkBGsjXSHXDkUyPUFD7LBpF+u2FV7BrRATm3nou4gJ1cqkKPZL3+4gSBpRGNNOFaq59iJ9jIsNSOcTkpuqmiCyQgPaM/QGEdUedns6gk6MkqAQiFNxRrN1MWJDEdKjSPfdEZYD9Vvbyr+5fVSHZ57GYuTVNOYzBeFKUdaoGkEKGCSEs3HhmAimbkVkSGWmGgTVMmE8P0p+p+0T6pOvVq7qVUal3kcRTiAQzgGB86gAdfQhBYQkPAIz/BiPVhP1qv1Nm8tWPnMPvyA9f4FRtKSYA==</latexit>! g

<latexit sha1_base64="tp7Bd1oG+L60jgDlFGwHBZunXD4=">AAAB/3icdVDLSsNAFJ3UV62vqODGzWARXJVEalVwUXDjsoJ9QBPCZDpph04mcWYihNiFv+LGhSJu/Q13/o2TNkIVPXDhcM693HuPHzMqlWV9GqWFxaXllfJqZW19Y3PL3N7pyCgRmLRxxCLR85EkjHLSVlQx0osFQaHPSNcfX+Z+944ISSN+o9KYuCEachpQjJSWPHPPEaPIkTQktzCnnkN5oFLPrFo1awo4R04s+7xhQ7tQqqBAyzM/nEGEk5BwhRmSsm9bsXIzJBTFjEwqTiJJjPAYDUlfU45CIt1sev8EHmplAINI6OIKTtX5iQyFUqahrztDpEbyt5eLf3n9RAVnbkZ5nCjC8WxRkDCoIpiHAQdUEKxYqgnCgupbIR4hgbDSkVV0CN+fwv9J57hmN2r163q1eVHEUQb74AAcARucgia4Ai3QBhjcg0fwDF6MB+PJeDXeZq0lo5jZBT9gvH8Bf9uWag==</latexit>⇢ ' ⇢!

for a uniform temperature              and   
<latexit sha1_base64="2AxxCDijSLoTUqQ6xjW12qUr9hs=">AAAB8nicdVBNSwMxEJ2tX7V+VT16CRbBU9mVWhUUCl48VrAfsF1KNpu2odlkSbJCWfozvHhQxKu/xpv/xrRdQUUfDDzem2FmXphwpo3rfjiFpeWV1bXiemljc2t7p7y719YyVYS2iORSdUOsKWeCtgwznHYTRXEcctoJx9czv3NPlWZS3JlJQoMYDwUbMIKNlXzUCyWPsnR65fbLFbfqzoG+kVPXu6h7yMuVCuRo9svvvUiSNKbCEI619j03MUGGlWGE02mpl2qaYDLGQ+pbKnBMdZDNT56iI6tEaCCVLWHQXP0+keFY60kc2s4Ym5H+7c3Evzw/NYPzIGMiSQ0VZLFokHJkJJr9jyKmKDF8YgkmitlbERlhhYmxKZVsCF+fov9J+6Tq1au121qlcZnHUYQDOIRj8OAMGnADTWgBAQkP8ATPjnEenRfnddFacPKZffgB5+0T2CGQ+A==</latexit>

u = 0
<latexit sha1_base64="l9kQcfHBktcEcB4pDEt3W4DEt6I=">AAAB8XicdVDLSgNBEOyNrxhfUY9eBoPgKexKjAoKAS8eIyQmmIQwO5lNhszOLjO9QljyF148KOLVv/Hm3zh5CFG0oKGo6qa7y4+lMOi6n05maXlldS27ntvY3Nreye/u3Zko0YzXWSQj3fSp4VIoXkeBkjdjzWnoS97wh9cTv/HAtRGRquEo5p2Q9pUIBKNopfvaVa3bFirAUTdfcIvuFGSBnLreRdkj3lwpwBzVbv6j3YtYEnKFTFJjWp4bYyelGgWTfJxrJ4bHlA1pn7csVTTkppNOLx6TI6v0SBBpWwrJVF2cSGlozCj0bWdIcWB+exPxL6+VYHDeSYWKE+SKzRYFiSQYkcn7pCc0ZyhHllCmhb2VsAHVlKENKWdD+P6U/E/uTopeuVi6LRUql/M4snAAh3AMHpxBBW6gCnVgoOARnuHFMc6T8+q8zVozznxmH37Aef8CasCQwQ==</latexit>

T = T!
<latexit sha1_base64="w6joiBJP1U7g3MZg9exEI1RMD/c="></latexit>

! " ! P + ! ! g = 0

We assume to get the same         in the presence of convection (1st order approximation) 
<latexit sha1_base64="c4MDsI3a00O6VYfhPq4VJmbLCGk=">AAAB/XicdVDLSgMxFM34rPVVHzs3wSK4KjNSq4KLghuXFewDOkO5k2ba0ExmSDJCHYq/4saFIm79D3f+jZl2hCp6IeRwzrnk5PgxZ0rb9qe1sLi0vLJaWCuub2xubZd2dlsqSiShTRLxSHZ8UJQzQZuaaU47saQQ+py2/dFVprfvqFQsErd6HFMvhIFgASOgDdUr7bt+xPtqHJordQX4HCaNXqlsV+zp4DlwajsXNQc7OVNG+Rj/h9uPSBJSoQkHpbqOHWsvBakZ4XRSdBNFYyAjGNCugQJCqrx0mn6CjwzTx0EkzREaT9n5jRRClQU0zhD0UP3WMvIvrZvo4NxLmYgTTQWZPRQkHOsIZ1XgPpOUaD42AIhkJismQ5BAtCmsaEr4/in+H7ROKk6tUr2pluuXeR0FdIAO0TFy0Bmqo2vUQE1E0D16RM/oxXqwnqxX621mXbDynT30Y6z3L0bTlcE=</latexit>

! P

Remains
<latexit sha1_base64="gO9IAcAflIu/chphB5TnLTo2rBE="></latexit>

! ! (u.! )u ! " ! u + ! ! #$g with
<latexit sha1_base64="NV8XE57h7CPosj+T5oKyitIr1D0=">AAAB/HicdVBNS8NAEN34WetXtEcvi0XwYkmkVgWFghePFfoFbSmb7aZdutmE3YkQQv0rXjwo4tUf4s1/47aNUEUfDDzem2FmnhcJrsFxPq2l5ZXVtfXcRn5za3tn197bb+owVpQ1aChC1faIZoJL1gAOgrUjxUjgCdbyxjdTv3XPlOahrEMSsV5AhpL7nBIwUt8udGHEgOBrXD+p97tc+pD07aJTcmbAC+TMcS8rLnYzpYgy1Pr2R3cQ0jhgEqggWndcJ4JeShRwKtgk3401iwgdkyHrGCpJwHQvnR0/wUdGGWA/VKYk4Jm6OJGSQOsk8ExnQGCkf3tT8S+vE4N/0Uu5jGJgks4X+bHAEOJpEnjAFaMgEkMIVdzciumIKELB5JU3IXx/iv8nzdOSWymV78rF6lUWRw4doEN0jFx0jqroFtVQA1GUoEf0jF6sB+vJerXe5q1LVjZTQD9gvX8BtPCUKw==</latexit>

✓ = T � T1

<latexit sha1_base64="ah6W7pKpgMg/k2OB8HRF0hfnRdU="></latexit>

!"
! t

+ ( u.! )" = #! "

steady



6. Natural convection

<latexit sha1_base64="7SGBxgV//dCeGiWuDwj/VnNA8cU=">AAAB/XicdVDLSsNAFJ3UV42v+ti5GSyCi1ISqVXBRcGNywp9QRPCZDpph04mYWYixFD8FTcuFHHrf7jzb5y2EarogQuHc+7l3nv8mFGpLOvTKCwtr6yuFdfNjc2t7Z3S7l5HRonApI0jFomejyRhlJO2ooqRXiwICn1Guv74eup374iQNOItlcbEDdGQ04BipLTklQ7ankN5oNKKUzFbOfdKZatqzQAXyJllX9ZtaOdKGeRoeqUPZxDhJCRcYYak7NtWrNwMCUUxIxPTSSSJER6jIelrylFIpJvNrp/AY60MYBAJXVzBmbo4kaFQyjT0dWeI1Ej+9qbiX14/UcGFm1EeJ4pwPF8UJAyqCE6jgAMqCFYs1QRhQfWtEI+QQFjpwEwdwven8H/SOa3a9WrttlZuXOVxFMEhOAInwAbnoAFuQBO0AQb34BE8gxfjwXgyXo23eWvByGf2wQ8Y71+xRpS9</latexit>

U1, T1

<latexit sha1_base64="dqqvSfrOpkMinM9CDqbqAB9W6J0=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgKexKjAoeAl48JmBiIFnC7KQ3GTP7YGZWDEu+wIsHRbz6Sd78GyfJClG0oKGo6qa7y4sFV9q2P63c0vLK6lp+vbCxubW9U9zda6kokQybLBKRbHtUoeAhNjXXAtuxRBp4Am+90dXUv71HqXgU3uhxjG5AByH3OaPaSI2HXrFkl+0ZyAI5tZ2LqkOcTClBhnqv+NHtRywJMNRMUKU6jh1rN6VScyZwUugmCmPKRnSAHUNDGqBy09mhE3JklD7xI2kq1GSmLk6kNFBqHHimM6B6qH57U/Evr5No/9xNeRgnGkM2X+QnguiITL8mfS6RaTE2hDLJza2EDamkTJtsCiaE70/J/6R1Unaq5UqjUqpdZnHk4QAO4RgcOIMaXEMdmsAA4RGe4cW6s56sV+tt3pqzspl9+AHr/QsGdo0V</latexit>x

<latexit sha1_base64="qHPev9mH+QWFPmaCjc/4oXtL74E=">AAAB6nicdVBNSwMxEJ2tX7V+VT16CRbBU9mVWhU8FLx4rNgvaJeSTbNtaJJdkqxQlv4ELx4U8eov8ua/MW1XqKIPBh7vzTAzL4g508Z1P53cyura+kZ+s7C1vbO7V9w/aOkoUYQ2ScQj1QmwppxJ2jTMcNqJFcUi4LQdjG9mfvuBKs0i2TCTmPoCDyULGcHGSveNvu4XS27ZnQMtkXPXu6p6yMuUEmSo94sfvUFEEkGlIRxr3fXc2PgpVoYRTqeFXqJpjMkYD2nXUokF1X46P3WKTqwyQGGkbEmD5uryRIqF1hMR2E6BzUj/9mbiX143MeGlnzIZJ4ZKslgUJhyZCM3+RgOmKDF8YgkmitlbERlhhYmx6RRsCN+fov9J66zsVcuVu0qpdp3FkYcjOIZT8OACanALdWgCgSE8wjO8ONx5cl6dt0VrzslmDuEHnPcvWQ6N1w==</latexit>

Ts

<latexit sha1_base64="ylty+ksm20EFA5kmXZz1ulkv4bg=">AAAB6XicdVBNS8NAEJ3Ur1q/oh69LBbBU0mkVgUPBS8eq9gPaEPZbDft0s0m7G6EGvoPvHhQxKv/yJv/xk0boYo+GHi8N8PMPD/mTGnH+bQKS8srq2vF9dLG5tb2jr2711JRIgltkohHsuNjRTkTtKmZ5rQTS4pDn9O2P77K/PY9lYpF4k5PYuqFeChYwAjWRrp9KPXtslNxZkAL5NRxL2oucnOlDDkaffujN4hIElKhCcdKdV0n1l6KpWaE02mplygaYzLGQ9o1VOCQKi+dXTpFR0YZoCCSpoRGM3VxIsWhUpPQN50h1iP128vEv7xuooNzL2UiTjQVZL4oSDjSEcreRgMmKdF8YggmkplbERlhiYk24WQhfH+K/ietk4pbq1RvquX6ZR5HEQ7gEI7BhTOowzU0oAkEAniEZ3ixxtaT9Wq9zVsLVj6zDz9gvX8BPgSNKw==</latexit>z

<latexit sha1_base64="WmkoRPlKPlOmABONuXkLXoY+8b4=">AAAB6nicdVBNS8NAEJ3Ur1q/qh69LBbBU0mkVgXBghePFU1baEPZbDft0s0m7G6EEvoTvHhQxKu/yJv/xk0boYo+GHi8N8PMPD/mTGnb/rQKS8srq2vF9dLG5tb2Tnl3r6WiRBLqkohHsuNjRTkT1NVMc9qJJcWhz2nbH19nfvuBSsUica8nMfVCPBQsYARrI925V6V+uWJX7RnQAjm1nYu6g5xcqUCOZr/80RtEJAmp0IRjpbqOHWsvxVIzwum01EsUjTEZ4yHtGipwSJWXzk6doiOjDFAQSVNCo5m6OJHiUKlJ6JvOEOuR+u1l4l9eN9HBuZcyESeaCjJfFCQc6Qhlf6MBk5RoPjEEE8nMrYiMsMREm3SyEL4/Rf+T1knVqVdrt7VK4zKPowgHcAjH4MAZNOAGmuACgSE8wjO8WNx6sl6tt3lrwcpn9uEHrPcvisGNTw==</latexit>

U?

<latexit sha1_base64="ICXpeccP6YqdJFcsitpWXMeI+gc=">AAAB83icdVBNS8NAEJ3Ur1q/qh69LBbBU0mkVgWFghePFUxbaELZbDft0s0m7G6EEvo3vHhQxKt/xpv/xk0bQUUfDDzem2FmXpBwprRtf1ilpeWV1bXyemVjc2t7p7q711FxKgl1Scxj2QuwopwJ6mqmOe0lkuIo4LQbTK5zv3tPpWKxuNPThPoRHgkWMoK1kTx34DER6im6siuDas2u23Ogb+TUdi6aDnIKpQYF2oPquzeMSRpRoQnHSvUdO9F+hqVmhNNZxUsVTTCZ4BHtGypwRJWfzW+eoSOjDFEYS1NCo7n6fSLDkVLTKDCdEdZj9dvLxb+8fqrDcz9jIkk1FWSxKEw50jHKA0BDJinRfGoIJpKZWxEZY4mJNjHlIXx9iv4nnZO606w3bhu11mURRxkO4BCOwYEzaMENtMEFAgk8wBM8W6n1aL1Yr4vWklXM7MMPWG+fyGeQ3A==</latexit>

U1 = 0

<latexit sha1_base64="vPKXDdfAPqUdp9rcVTemoP/NK54=">AAAB8HicdVBNS8NAEJ3Ur1q/qh69LBbBU0mkVgXBghePFeyHtKFsNpt26W4SdjdCCf0VXjwo4tWf481/46aNUEUfDDzem2FmnhdzprRtf1qFpeWV1bXiemljc2t7p7y711ZRIgltkYhHsuthRTkLaUszzWk3lhQLj9OON77O/M4DlYpF4Z2exNQVeBiygBGsjXTf9ynXGF2VBuWKXbVnQAvk1HYu6g5ycqUCOZqD8kffj0giaKgJx0r1HDvWboqlZoTTaamfKBpjMsZD2jM0xIIqN50dPEVHRvFREElToUYzdXEixUKpifBMp8B6pH57mfiX10t0cO6mLIwTTUMyXxQkHOkIZd8jn0lKNJ8Ygolk5lZERlhiok1GWQjfn6L/Sfuk6tSrtdtapXGZx1GEAziEY3DgDBpwA01oAQEBj/AML5a0nqxX623eWrDymX34Aev9C8duj7w=</latexit>

�?

Balance shear force on the wall / buoyancy force

<latexit sha1_base64="K6MaeyGzTYHrDvN3HOBvOa2F0GA=">AAAB7XicdVDJSgNBEO2JW4xb1KOXxiB4CjMi6sFDwIvHCGaBZAg9nZqkTU/30F0jhJB/8OJBEa/+jzf/xs4ixO1BweO9KqrqRakUFn3/w8stLa+sruXXCxubW9s7xd29utWZ4VDjWmrTjJgFKRTUUKCEZmqAJZGERjS4mviNezBWaHWLwxTChPWUiAVn6KR6G/uArFMsBWV/Cur/Il9WicxR7RTf213NswQUcsmsbQV+iuGIGRRcwrjQziykjA9YD1qOKpaADUfTa8f0yCldGmvjSiGdqosTI5ZYO0wi15kw7Nuf3kT8y2tlGF+EI6HSDEHx2aI4kxQ1nbxOu8IARzl0hHEj3K2U95lhHF1AhcUQ/if1k3JwVj69OS1VLudx5MkBOSTHJCDnpEKuSZXUCCd35IE8kWdPe4/ei/c6a81585l98g3e2yeml48s</latexit>

✓
shear stress

<latexit sha1_base64="6dShi42JCsthqySTilDP6nBR1i4="></latexit>

! = "
#uz

#x

!
!
!
!
x =0

in terms of scaling:
<latexit sha1_base64="FGmQ6uIsIjgjRyIcncaIzk9Iqq8=">AAACEnicdVBNS8NAEN34WetX1aOXxSLopSTiJ3goePFYwarQ1LLZTtrFzSbsToQS+hu8+Fe8eFDEqydv/hs3bQQVfTDD470ZducFiRQGXffDmZicmp6ZLc2V5xcWl5YrK6sXJk41hyaPZayvAmZACgVNFCjhKtHAokDCZXBzkvuXt6CNiNU5DhJoR6ynRCg4Qyt1KttN34iI+qFmPOv5ASDzsW879bsgkV3vDDNfpcNyuVOpujV3BPqN7Lne0b5HvUKpkgKNTuXd78Y8jUAhl8yYlucm2M6YRsElDMt+aiBh/Ib1oGWpYhGYdjY6aUg3rdKlYaxtKaQj9ftGxiJjBlFgJyOGffPby8W/vFaK4WE7EypJERQfPxSmkmJM83xoV2jgKAeWMK6F/SvlfWbTQZtiHsLXpfR/crFT8/Zru2e71fpxEUeJrJMNskU8ckDq5JQ0SJNwckceyBN5du6dR+fFeR2PTjjFzhr5AeftE+banZo=</latexit>

U !
g!"# 2

$

<latexit sha1_base64="joHUz5RQXUP32WfQhA1QObX0zLk="></latexit>

!
U
"

! #! g$%"

<latexit sha1_base64="rQecdPmmMgv3gGiJhZIZPUh6+nY="></latexit>

W
! z

0
!

" uz

" x

"
"
"
"
x =0

dz = W
! z

0
#! g$%&(z) dz



6. Natural convection

<latexit sha1_base64="7SGBxgV//dCeGiWuDwj/VnNA8cU=">AAAB/XicdVDLSsNAFJ3UV42v+ti5GSyCi1ISqVXBRcGNywp9QRPCZDpph04mYWYixFD8FTcuFHHrf7jzb5y2EarogQuHc+7l3nv8mFGpLOvTKCwtr6yuFdfNjc2t7Z3S7l5HRonApI0jFomejyRhlJO2ooqRXiwICn1Guv74eup374iQNOItlcbEDdGQ04BipLTklQ7ankN5oNKKUzFbOfdKZatqzQAXyJllX9ZtaOdKGeRoeqUPZxDhJCRcYYak7NtWrNwMCUUxIxPTSSSJER6jIelrylFIpJvNrp/AY60MYBAJXVzBmbo4kaFQyjT0dWeI1Ej+9qbiX14/UcGFm1EeJ4pwPF8UJAyqCE6jgAMqCFYs1QRhQfWtEI+QQFjpwEwdwven8H/SOa3a9WrttlZuXOVxFMEhOAInwAbnoAFuQBO0AQb34BE8gxfjwXgyXo23eWvByGf2wQ8Y71+xRpS9</latexit>

U1, T1

<latexit sha1_base64="dqqvSfrOpkMinM9CDqbqAB9W6J0=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgKexKjAoeAl48JmBiIFnC7KQ3GTP7YGZWDEu+wIsHRbz6Sd78GyfJClG0oKGo6qa7y4sFV9q2P63c0vLK6lp+vbCxubW9U9zda6kokQybLBKRbHtUoeAhNjXXAtuxRBp4Am+90dXUv71HqXgU3uhxjG5AByH3OaPaSI2HXrFkl+0ZyAI5tZ2LqkOcTClBhnqv+NHtRywJMNRMUKU6jh1rN6VScyZwUugmCmPKRnSAHUNDGqBy09mhE3JklD7xI2kq1GSmLk6kNFBqHHimM6B6qH57U/Evr5No/9xNeRgnGkM2X+QnguiITL8mfS6RaTE2hDLJza2EDamkTJtsCiaE70/J/6R1Unaq5UqjUqpdZnHk4QAO4RgcOIMaXEMdmsAA4RGe4cW6s56sV+tt3pqzspl9+AHr/QsGdo0V</latexit>x

<latexit sha1_base64="qHPev9mH+QWFPmaCjc/4oXtL74E=">AAAB6nicdVBNSwMxEJ2tX7V+VT16CRbBU9mVWhU8FLx4rNgvaJeSTbNtaJJdkqxQlv4ELx4U8eov8ua/MW1XqKIPBh7vzTAzL4g508Z1P53cyura+kZ+s7C1vbO7V9w/aOkoUYQ2ScQj1QmwppxJ2jTMcNqJFcUi4LQdjG9mfvuBKs0i2TCTmPoCDyULGcHGSveNvu4XS27ZnQMtkXPXu6p6yMuUEmSo94sfvUFEEkGlIRxr3fXc2PgpVoYRTqeFXqJpjMkYD2nXUokF1X46P3WKTqwyQGGkbEmD5uryRIqF1hMR2E6BzUj/9mbiX143MeGlnzIZJ4ZKslgUJhyZCM3+RgOmKDF8YgkmitlbERlhhYmx6RRsCN+fov9J66zsVcuVu0qpdp3FkYcjOIZT8OACanALdWgCgSE8wjO8ONx5cl6dt0VrzslmDuEHnPcvWQ6N1w==</latexit>

Ts

<latexit sha1_base64="ylty+ksm20EFA5kmXZz1ulkv4bg=">AAAB6XicdVBNS8NAEJ3Ur1q/oh69LBbBU0mkVgUPBS8eq9gPaEPZbDft0s0m7G6EGvoPvHhQxKv/yJv/xk0boYo+GHi8N8PMPD/mTGnH+bQKS8srq2vF9dLG5tb2jr2711JRIgltkohHsuNjRTkTtKmZ5rQTS4pDn9O2P77K/PY9lYpF4k5PYuqFeChYwAjWRrp9KPXtslNxZkAL5NRxL2oucnOlDDkaffujN4hIElKhCcdKdV0n1l6KpWaE02mplygaYzLGQ9o1VOCQKi+dXTpFR0YZoCCSpoRGM3VxIsWhUpPQN50h1iP128vEv7xuooNzL2UiTjQVZL4oSDjSEcreRgMmKdF8YggmkplbERlhiYk24WQhfH+K/ietk4pbq1RvquX6ZR5HEQ7gEI7BhTOowzU0oAkEAniEZ3ixxtaT9Wq9zVsLVj6zDz9gvX8BPgSNKw==</latexit>z

<latexit sha1_base64="WmkoRPlKPlOmABONuXkLXoY+8b4=">AAAB6nicdVBNS8NAEJ3Ur1q/qh69LBbBU0mkVgXBghePFU1baEPZbDft0s0m7G6EEvoTvHhQxKu/yJv/xk0boYo+GHi8N8PMPD/mTGnb/rQKS8srq2vF9dLG5tb2Tnl3r6WiRBLqkohHsuNjRTkT1NVMc9qJJcWhz2nbH19nfvuBSsUica8nMfVCPBQsYARrI925V6V+uWJX7RnQAjm1nYu6g5xcqUCOZr/80RtEJAmp0IRjpbqOHWsvxVIzwum01EsUjTEZ4yHtGipwSJWXzk6doiOjDFAQSVNCo5m6OJHiUKlJ6JvOEOuR+u1l4l9eN9HBuZcyESeaCjJfFCQc6Qhlf6MBk5RoPjEEE8nMrYiMsMREm3SyEL4/Rf+T1knVqVdrt7VK4zKPowgHcAjH4MAZNOAGmuACgSE8wjO8WNx6sl6tt3lrwcpn9uEHrPcvisGNTw==</latexit>

U?

<latexit sha1_base64="ICXpeccP6YqdJFcsitpWXMeI+gc=">AAAB83icdVBNS8NAEJ3Ur1q/qh69LBbBU0mkVgWFghePFUxbaELZbDft0s0m7G6EEvo3vHhQxKt/xpv/xk0bQUUfDDzem2FmXpBwprRtf1ilpeWV1bXyemVjc2t7p7q711FxKgl1Scxj2QuwopwJ6mqmOe0lkuIo4LQbTK5zv3tPpWKxuNPThPoRHgkWMoK1kTx34DER6im6siuDas2u23Ogb+TUdi6aDnIKpQYF2oPquzeMSRpRoQnHSvUdO9F+hqVmhNNZxUsVTTCZ4BHtGypwRJWfzW+eoSOjDFEYS1NCo7n6fSLDkVLTKDCdEdZj9dvLxb+8fqrDcz9jIkk1FWSxKEw50jHKA0BDJinRfGoIJpKZWxEZY4mJNjHlIXx9iv4nnZO606w3bhu11mURRxkO4BCOwYEzaMENtMEFAgk8wBM8W6n1aL1Yr4vWklXM7MMPWG+fyGeQ3A==</latexit>

U1 = 0

<latexit sha1_base64="vPKXDdfAPqUdp9rcVTemoP/NK54=">AAAB8HicdVBNS8NAEJ3Ur1q/qh69LBbBU0mkVgXBghePFeyHtKFsNpt26W4SdjdCCf0VXjwo4tWf481/46aNUEUfDDzem2FmnhdzprRtf1qFpeWV1bXiemljc2t7p7y711ZRIgltkYhHsuthRTkLaUszzWk3lhQLj9OON77O/M4DlYpF4Z2exNQVeBiygBGsjXTf9ynXGF2VBuWKXbVnQAvk1HYu6g5ycqUCOZqD8kffj0giaKgJx0r1HDvWboqlZoTTaamfKBpjMsZD2jM0xIIqN50dPEVHRvFREElToUYzdXEixUKpifBMp8B6pH57mfiX10t0cO6mLIwTTUMyXxQkHOkIZd8jn0lKNJ8Ygolk5lZERlhiok1GWQjfn6L/Sfuk6tSrtdtapXGZx1GEAziEY3DgDBpwA01oAQEBj/AML5a0nqxX623eWrDymX34Aev9C8duj7w=</latexit>

�?

Heat equation

<latexit sha1_base64="K6MaeyGzTYHrDvN3HOBvOa2F0GA=">AAAB7XicdVDJSgNBEO2JW4xb1KOXxiB4CjMi6sFDwIvHCGaBZAg9nZqkTU/30F0jhJB/8OJBEa/+jzf/xs4ixO1BweO9KqrqRakUFn3/w8stLa+sruXXCxubW9s7xd29utWZ4VDjWmrTjJgFKRTUUKCEZmqAJZGERjS4mviNezBWaHWLwxTChPWUiAVn6KR6G/uArFMsBWV/Cur/Il9WicxR7RTf213NswQUcsmsbQV+iuGIGRRcwrjQziykjA9YD1qOKpaADUfTa8f0yCldGmvjSiGdqosTI5ZYO0wi15kw7Nuf3kT8y2tlGF+EI6HSDEHx2aI4kxQ1nbxOu8IARzl0hHEj3K2U95lhHF1AhcUQ/if1k3JwVj69OS1VLudx5MkBOSTHJCDnpEKuSZXUCCd35IE8kWdPe4/ei/c6a81585l98g3e2yeml48s</latexit>

✓

<latexit sha1_base64="ah6W7pKpgMg/k2OB8HRF0hfnRdU="></latexit>

!"
! t

+ ( u.! )" = #! "

<latexit sha1_base64="s5t44KS2gxV8C0QB248hWZ7lj6s=">AAAB83icdVDLSsNAFJ3UV42vqks3g0VwVRKpVcFFwY3LCvYBTQiT6aQdOpmEeYg19DfcuFDErT/jzr9x0kaoogcuHM65l3vvCVNGpXKcT6u0tLyyulZetzc2t7Z3Krt7HZlogUkbJywRvRBJwignbUUVI71UEBSHjHTD8VXud++IkDTht2qSEj9GQ04jipEykqeDB284hDq4t+2gUnVqzgxwgZw67kXDhW6hVEGBVlD58AYJ1jHhCjMkZd91UuVnSCiKGZnanpYkRXiMhqRvKEcxkX42u3kKj4wygFEiTHEFZ+riRIZiKSdxaDpjpEbyt5eLf3l9raJzP6M81YpwPF8UaQZVAvMA4IAKghWbGIKwoOZWiEdIIKxMTHkI35/C/0nnpOY2avWberV5WcRRBgfgEBwDF5yBJrgGLdAGGKTgETyDF0tbT9ar9TZvLVnFzD74Aev9CwTGkQM=</latexit>

uz ! uxwe consider

and 
<latexit sha1_base64="Soy+X9icoben4Dh2kFzXAev7JHo=">AAAB9HicdVBNS8NAEJ3Urxq/qh69LBbBU0lEq4KHghePFewHNKFsNpt06WYTdzeFWvo7vHhQxKs/xpv/xqSNUEUfDDzem2FmnpdwprRlfRqlpeWV1bXyurmxubW9U9nda6s4lYS2SMxj2fWwopwJ2tJMc9pNJMWRx2nHG17nfmdEpWKxuNPjhLoRDgULGME6k9wHJwyR41OusWn2K1WrZs2AFsiZZV/WbWQXShUKNPuVD8ePSRpRoQnHSvVsK9HuBEvNCKdT00kVTTAZ4pD2MipwRJU7mR09RUeZ4qMgllkJjWbq4sQER0qNIy/rjLAeqN9eLv7l9VIdXLgTJpJUU0Hmi4KUIx2jPAHkM0mJ5uOMYCJZdisiAywx0VlOeQjfn6L/SfukZtdrp7en1cZVEUcZDuAQjsGGc2jADTShBQTu4RGe4cUYGU/Gq/E2by0Zxcw+/IDx/gWXKZFT</latexit>

z ! !

in terms of scaling:

<latexit sha1_base64="9/7RzycUBa39jFti8sEZyYA09sQ="></latexit>

uz
!"
! z

! #
! 2"
! x2

<latexit sha1_base64="7221gLeHHDeUc5w+l9GhTiTOO8U=">AAACEHicdVC7SgNBFJ2NrxhfUUubwSBahd0Qo4JFwMYygnlAdg13Z2eTIbMPZmaFuOwn2PgrNhaK2Fra+TdOHkIUPXDhzDn3MvceN+ZMKtP8NHILi0vLK/nVwtr6xuZWcXunJaNEENokEY9ExwVJOQtpUzHFaScWFAKX07Y7vBj77VsqJIvCazWKqRNAP2Q+I6C01Cse2r4Akjaz9C6zJQvw9G0DjweQpbZHuYKbStYrlsyyOQGeI8emdVazsDVTSmiGRq/4YXsRSQIaKsJByq5lxspJQShGOM0KdiJpDGQIfdrVNISASiedHJThA6142I+ErlDhiTo/kUIg5ShwdWcAaiB/e2PxL6+bKP/USVkYJ4qGZPqRn3CsIjxOB3tMUKL4SBMgguldMRmATkTpDAs6hO9L8f+kVSlbtXL1qlqqn8/iyKM9tI+OkIVOUB1dogZqIoLu0SN6Ri/Gg/FkvBpv09acMZvZRT9gvH8BUxOeBg==</latexit>

U
z

!
!
" 2

with the previous relation:

<latexit sha1_base64="9HnHU+8J5u2jIBgV1B7y1ADEkaw="></latexit>

g!"# 2

$z
!

%
#2

<latexit sha1_base64="hxgnJtDmVKjFv610x41tNmKMw0M="></latexit>
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!

"#
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6. Natural convection

<latexit sha1_base64="7SGBxgV//dCeGiWuDwj/VnNA8cU=">AAAB/XicdVDLSsNAFJ3UV42v+ti5GSyCi1ISqVXBRcGNywp9QRPCZDpph04mYWYixFD8FTcuFHHrf7jzb5y2EarogQuHc+7l3nv8mFGpLOvTKCwtr6yuFdfNjc2t7Z3S7l5HRonApI0jFomejyRhlJO2ooqRXiwICn1Guv74eup374iQNOItlcbEDdGQ04BipLTklQ7ankN5oNKKUzFbOfdKZatqzQAXyJllX9ZtaOdKGeRoeqUPZxDhJCRcYYak7NtWrNwMCUUxIxPTSSSJER6jIelrylFIpJvNrp/AY60MYBAJXVzBmbo4kaFQyjT0dWeI1Ej+9qbiX14/UcGFm1EeJ4pwPF8UJAyqCE6jgAMqCFYs1QRhQfWtEI+QQFjpwEwdwven8H/SOa3a9WrttlZuXOVxFMEhOAInwAbnoAFuQBO0AQb34BE8gxfjwXgyXo23eWvByGf2wQ8Y71+xRpS9</latexit>

U1, T1

<latexit sha1_base64="dqqvSfrOpkMinM9CDqbqAB9W6J0=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgKexKjAoeAl48JmBiIFnC7KQ3GTP7YGZWDEu+wIsHRbz6Sd78GyfJClG0oKGo6qa7y4sFV9q2P63c0vLK6lp+vbCxubW9U9zda6kokQybLBKRbHtUoeAhNjXXAtuxRBp4Am+90dXUv71HqXgU3uhxjG5AByH3OaPaSI2HXrFkl+0ZyAI5tZ2LqkOcTClBhnqv+NHtRywJMNRMUKU6jh1rN6VScyZwUugmCmPKRnSAHUNDGqBy09mhE3JklD7xI2kq1GSmLk6kNFBqHHimM6B6qH57U/Evr5No/9xNeRgnGkM2X+QnguiITL8mfS6RaTE2hDLJza2EDamkTJtsCiaE70/J/6R1Unaq5UqjUqpdZnHk4QAO4RgcOIMaXEMdmsAA4RGe4cW6s56sV+tt3pqzspl9+AHr/QsGdo0V</latexit>x

<latexit sha1_base64="qHPev9mH+QWFPmaCjc/4oXtL74E=">AAAB6nicdVBNSwMxEJ2tX7V+VT16CRbBU9mVWhU8FLx4rNgvaJeSTbNtaJJdkqxQlv4ELx4U8eov8ua/MW1XqKIPBh7vzTAzL4g508Z1P53cyura+kZ+s7C1vbO7V9w/aOkoUYQ2ScQj1QmwppxJ2jTMcNqJFcUi4LQdjG9mfvuBKs0i2TCTmPoCDyULGcHGSveNvu4XS27ZnQMtkXPXu6p6yMuUEmSo94sfvUFEEkGlIRxr3fXc2PgpVoYRTqeFXqJpjMkYD2nXUokF1X46P3WKTqwyQGGkbEmD5uryRIqF1hMR2E6BzUj/9mbiX143MeGlnzIZJ4ZKslgUJhyZCM3+RgOmKDF8YgkmitlbERlhhYmx6RRsCN+fov9J66zsVcuVu0qpdp3FkYcjOIZT8OACanALdWgCgSE8wjO8ONx5cl6dt0VrzslmDuEHnPcvWQ6N1w==</latexit>

Ts

<latexit sha1_base64="ylty+ksm20EFA5kmXZz1ulkv4bg=">AAAB6XicdVBNS8NAEJ3Ur1q/oh69LBbBU0mkVgUPBS8eq9gPaEPZbDft0s0m7G6EGvoPvHhQxKv/yJv/xk0boYo+GHi8N8PMPD/mTGnH+bQKS8srq2vF9dLG5tb2jr2711JRIgltkohHsuNjRTkTtKmZ5rQTS4pDn9O2P77K/PY9lYpF4k5PYuqFeChYwAjWRrp9KPXtslNxZkAL5NRxL2oucnOlDDkaffujN4hIElKhCcdKdV0n1l6KpWaE02mplygaYzLGQ9o1VOCQKi+dXTpFR0YZoCCSpoRGM3VxIsWhUpPQN50h1iP128vEv7xuooNzL2UiTjQVZL4oSDjSEcreRgMmKdF8YggmkplbERlhiYk24WQhfH+K/ietk4pbq1RvquX6ZR5HEQ7gEI7BhTOowzU0oAkEAniEZ3ixxtaT9Wq9zVsLVj6zDz9gvX8BPgSNKw==</latexit>z

<latexit sha1_base64="WmkoRPlKPlOmABONuXkLXoY+8b4=">AAAB6nicdVBNS8NAEJ3Ur1q/qh69LBbBU0mkVgXBghePFU1baEPZbDft0s0m7G6EEvoTvHhQxKu/yJv/xk0boYo+GHi8N8PMPD/mTGnb/rQKS8srq2vF9dLG5tb2Tnl3r6WiRBLqkohHsuNjRTkT1NVMc9qJJcWhz2nbH19nfvuBSsUica8nMfVCPBQsYARrI925V6V+uWJX7RnQAjm1nYu6g5xcqUCOZr/80RtEJAmp0IRjpbqOHWsvxVIzwum01EsUjTEZ4yHtGipwSJWXzk6doiOjDFAQSVNCo5m6OJHiUKlJ6JvOEOuR+u1l4l9eN9HBuZcyESeaCjJfFCQc6Qhlf6MBk5RoPjEEE8nMrYiMsMREm3SyEL4/Rf+T1knVqVdrt7VK4zKPowgHcAjH4MAZNOAGmuACgSE8wjO8WNx6sl6tt3lrwcpn9uEHrPcvisGNTw==</latexit>

U?
<latexit sha1_base64="ICXpeccP6YqdJFcsitpWXMeI+gc=">AAAB83icdVBNS8NAEJ3Ur1q/qh69LBbBU0mkVgWFghePFUxbaELZbDft0s0m7G6EEvo3vHhQxKt/xpv/xk0bQUUfDDzem2FmXpBwprRtf1ilpeWV1bXyemVjc2t7p7q711FxKgl1Scxj2QuwopwJ6mqmOe0lkuIo4LQbTK5zv3tPpWKxuNPThPoRHgkWMoK1kTx34DER6im6siuDas2u23Ogb+TUdi6aDnIKpQYF2oPquzeMSRpRoQnHSvUdO9F+hqVmhNNZxUsVTTCZ4BHtGypwRJWfzW+eoSOjDFEYS1NCo7n6fSLDkVLTKDCdEdZj9dvLxb+8fqrDcz9jIkk1FWSxKEw50jHKA0BDJinRfGoIJpKZWxEZY4mJNjHlIXx9iv4nnZO606w3bhu11mURRxkO4BCOwYEzaMENtMEFAgk8wBM8W6n1aL1Yr4vWklXM7MMPWG+fyGeQ3A==</latexit>

U1 = 0

<latexit sha1_base64="d7YXKwqe87gnKVlmfg6PNB+u/vQ=">AAAB9XicdVDLSgMxFL1TX7W+qi7dBIvgqsyIVgXBghtxVaEvaMeSSTNtaCYzJBmlDP0PNy4Uceu/uPNvzLQjVNEDgcM593JPjhdxprRtf1q5hcWl5ZX8amFtfWNzq7i901RhLAltkJCHsu1hRTkTtKGZ5rQdSYoDj9OWN7pK/dY9lYqFoq7HEXUDPBDMZwRrI911A6yHnp/cTHr1y0KvWLLL9hRojpzYznnFQU6mlCBDrVf86PZDEgdUaMKxUh3HjrSbYKkZ4XRS6MaKRpiM8IB2DBU4oMpNpqkn6MAofeSH0jyh0VSd30hwoNQ48MxkmlL99lLxL68Ta//MTZiIYk0FmR3yY450iNIKUJ9JSjQfG4KJZCYrIkMsMdGmqLSE75+i/0nzqOxUyse3x6XqRVZHHvZgHw7BgVOowjXUoAEEJDzCM7xYD9aT9Wq9zUZzVrazCz9gvX8B+7eSKw==</latexit>

JT ?

<latexit sha1_base64="vPKXDdfAPqUdp9rcVTemoP/NK54=">AAAB8HicdVBNS8NAEJ3Ur1q/qh69LBbBU0mkVgXBghePFeyHtKFsNpt26W4SdjdCCf0VXjwo4tWf481/46aNUEUfDDzem2FmnhdzprRtf1qFpeWV1bXiemljc2t7p7y711ZRIgltkYhHsuthRTkLaUszzWk3lhQLj9OON77O/M4DlYpF4Z2exNQVeBiygBGsjXTf9ynXGF2VBuWKXbVnQAvk1HYu6g5ycqUCOZqD8kffj0giaKgJx0r1HDvWboqlZoTTaamfKBpjMsZD2jM0xIIqN50dPEVHRvFREElToUYzdXEixUKpifBMp8B6pH57mfiX10t0cO6mLIwTTUMyXxQkHOkIZd8jn0lKNJ8Ygolk5lZERlhiok1GWQjfn6L/Sfuk6tSrtdtapXGZx1GEAziEY3DgDBpwA01oAQEBj/AML5a0nqxX623eWrDymX34Aev9C8duj7w=</latexit>

�?

Getting the heat flux

<latexit sha1_base64="NShcJbFWGxCPCxTqxlvwVGGqDDY=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgKexKjAoeAl48eEjAmECyhNlJbzJm9sHMrBCWfIEXD4p49ZO8+TdOkhWiaEFDUdVNd5cXC660bX9auaXlldW1/HphY3Nre6e4u3enokQybLJIRLLtUYWCh9jUXAtsxxJp4AlseaOrqd96QKl4FN7qcYxuQAch9zmj2kiNm16xZJftGcgCObWdi6pDnEwpQYZ6r/jR7UcsCTDUTFClOo4dazelUnMmcFLoJgpjykZ0gB1DQxqgctPZoRNyZJQ+8SNpKtRkpi5OpDRQahx4pjOgeqh+e1PxL6+TaP/cTXkYJxpDNl/kJ4LoiEy/Jn0ukWkxNoQyyc2thA2ppEybbAomhO9Pyf/k7qTsVMuVRqVUu8ziyMMBHMIxOHAGNbiGOjSBAcIjPMOLdW89Wa/W27w1Z2Uz+/AD1vsXw7eM6Q==</latexit>

L

<latexit sha1_base64="oD/mCHH0P8CyIC8RHBctk3CzU24="></latexit>

JT = !
" T
" x

! !
#
$

! !
#
L

Nu

<latexit sha1_base64="GGNiLusmhVtzWwHnItNu15X74Qk=">AAACCXicdVDLSsNAFJ34rPUVdelmsAiuaiK1KrgouHElVewDmlgm00k7dCYJMxOhhGzd+CtuXCji1j9w5984aVOoogcGzpxzL/fe40WMSmVZX8bc/MLi0nJhpbi6tr6xaW5tN2UYC0waOGShaHtIEkYD0lBUMdKOBEHcY6TlDS8yv3VPhKRhcKtGEXE56gfUpxgpLXVN6HCkBoInV3HqSMqn3xuU3iX2YSXtmiWrbI0BZ8ixZZ9VbWjnSgnkqHfNT6cX4piTQGGGpOzYVqTcBAlFMSNp0YkliRAeoj7paBogTqSbjC9J4b5WetAPhX6BgmN1tiNBXMoR93Rltqj87WXiX14nVv6pm9AgihUJ8GSQHzOoQpjFAntUEKzYSBOEBdW7QjxAAmGlwyvqEKaXwv9J86hsV8uV60qpdp7HUQC7YA8cABucgBq4BHXQABg8gCfwAl6NR+PZeDPeJ6VzRt6zA37A+PgGZTGaww==</latexit>

Nu ! Ra1/ 4

Rayleigh number:

<latexit sha1_base64="sCPKntRWv5XwbEEzMIfUfS20mKE="></latexit>

Ra =
! gL3"

#$

convection velocity:
<latexit sha1_base64="5YN3ofO520LqQllcm3hyJLidbNY=">AAACBnicdVDLSgNBEJyNrxhfqx5FGAxCvMTdEKOCh4AXjxFMImRjmJ1MkiGzD2Z6hbjk5MVf8eJBEa9+gzf/xtlkhSha0FBUddPd5YaCK7CsTyMzN7+wuJRdzq2srq1vmJtbDRVEkrI6DUQgr12imOA+qwMHwa5DyYjnCtZ0h+eJ37xlUvHAv4JRyNoe6fu8xykBLXXM3bqjuFdwXAYE97EDg4TcHdzE9mFp3DHzVtGaAM+QI8s+rdjYTpU8SlHrmB9ON6CRx3yggijVsq0Q2jGRwKlg45wTKRYSOiR91tLUJx5T7Xjyxhjva6WLe4HU5QOeqLMTMfGUGnmu7vQIDNRvLxH/8loR9E7aMffDCJhPp4t6kcAQ4CQT3OWSURAjTQiVXN+K6YBIQkEnl9MhfH+K/yeNUtGuFMuX5Xz1LI0ji3bQHiogGx2jKrpANVRHFN2jR/SMXowH48l4Nd6mrRkjndlGP2C8fwFaLpfE</latexit>

U ! (! g" z)1/ 2



6.1 Human plume

<latexit sha1_base64="7SGBxgV//dCeGiWuDwj/VnNA8cU=">AAAB/XicdVDLSsNAFJ3UV42v+ti5GSyCi1ISqVXBRcGNywp9QRPCZDpph04mYWYixFD8FTcuFHHrf7jzb5y2EarogQuHc+7l3nv8mFGpLOvTKCwtr6yuFdfNjc2t7Z3S7l5HRonApI0jFomejyRhlJO2ooqRXiwICn1Guv74eup374iQNOItlcbEDdGQ04BipLTklQ7ankN5oNKKUzFbOfdKZatqzQAXyJllX9ZtaOdKGeRoeqUPZxDhJCRcYYak7NtWrNwMCUUxIxPTSSSJER6jIelrylFIpJvNrp/AY60MYBAJXVzBmbo4kaFQyjT0dWeI1Ej+9qbiX14/UcGFm1EeJ4pwPF8UJAyqCE6jgAMqCFYs1QRhQfWtEI+QQFjpwEwdwven8H/SOa3a9WrttlZuXOVxFMEhOAInwAbnoAFuQBO0AQb34BE8gxfjwXgyXo23eWvByGf2wQ8Y71+xRpS9</latexit>

U1, T1
<latexit sha1_base64="qHPev9mH+QWFPmaCjc/4oXtL74E=">AAAB6nicdVBNSwMxEJ2tX7V+VT16CRbBU9mVWhU8FLx4rNgvaJeSTbNtaJJdkqxQlv4ELx4U8eov8ua/MW1XqKIPBh7vzTAzL4g508Z1P53cyura+kZ+s7C1vbO7V9w/aOkoUYQ2ScQj1QmwppxJ2jTMcNqJFcUi4LQdjG9mfvuBKs0i2TCTmPoCDyULGcHGSveNvu4XS27ZnQMtkXPXu6p6yMuUEmSo94sfvUFEEkGlIRxr3fXc2PgpVoYRTqeFXqJpjMkYD2nXUokF1X46P3WKTqwyQGGkbEmD5uryRIqF1hMR2E6BzUj/9mbiX143MeGlnzIZJ4ZKslgUJhyZCM3+RgOmKDF8YgkmitlbERlhhYmx6RRsCN+fov9J66zsVcuVu0qpdp3FkYcjOIZT8OACanALdWgCgSE8wjO8ONx5cl6dt0VrzslmDuEHnPcvWQ6N1w==</latexit>

Ts

<latexit sha1_base64="WmkoRPlKPlOmABONuXkLXoY+8b4=">AAAB6nicdVBNS8NAEJ3Ur1q/qh69LBbBU0mkVgXBghePFU1baEPZbDft0s0m7G6EEvoTvHhQxKu/yJv/xk0boYo+GHi8N8PMPD/mTGnb/rQKS8srq2vF9dLG5tb2Tnl3r6WiRBLqkohHsuNjRTkT1NVMc9qJJcWhz2nbH19nfvuBSsUica8nMfVCPBQsYARrI925V6V+uWJX7RnQAjm1nYu6g5xcqUCOZr/80RtEJAmp0IRjpbqOHWsvxVIzwum01EsUjTEZ4yHtGipwSJWXzk6doiOjDFAQSVNCo5m6OJHiUKlJ6JvOEOuR+u1l4l9eN9HBuZcyESeaCjJfFCQc6Qhlf6MBk5RoPjEEE8nMrYiMsMREm3SyEL4/Rf+T1knVqVdrt7VK4zKPowgHcAjH4MAZNOAGmuACgSE8wjO8WNx6sl6tt3lrwcpn9uEHrPcvisGNTw==</latexit>

U?

<latexit sha1_base64="ICXpeccP6YqdJFcsitpWXMeI+gc=">AAAB83icdVBNS8NAEJ3Ur1q/qh69LBbBU0mkVgWFghePFUxbaELZbDft0s0m7G6EEvo3vHhQxKt/xpv/xk0bQUUfDDzem2FmXpBwprRtf1ilpeWV1bXyemVjc2t7p7q711FxKgl1Scxj2QuwopwJ6mqmOe0lkuIo4LQbTK5zv3tPpWKxuNPThPoRHgkWMoK1kTx34DER6im6siuDas2u23Ogb+TUdi6aDnIKpQYF2oPquzeMSRpRoQnHSvUdO9F+hqVmhNNZxUsVTTCZ4BHtGypwRJWfzW+eoSOjDFEYS1NCo7n6fSLDkVLTKDCdEdZj9dvLxb+8fqrDcz9jIkk1FWSxKEw50jHKA0BDJinRfGoIJpKZWxEZY4mJNjHlIXx9iv4nnZO606w3bhu11mURRxkO4BCOwYEzaMENtMEFAgk8wBM8W6n1aL1Yr4vWklXM7MMPWG+fyGeQ3A==</latexit>

U1 = 0

<latexit sha1_base64="d7YXKwqe87gnKVlmfg6PNB+u/vQ=">AAAB9XicdVDLSgMxFL1TX7W+qi7dBIvgqsyIVgXBghtxVaEvaMeSSTNtaCYzJBmlDP0PNy4Uceu/uPNvzLQjVNEDgcM593JPjhdxprRtf1q5hcWl5ZX8amFtfWNzq7i901RhLAltkJCHsu1hRTkTtKGZ5rQdSYoDj9OWN7pK/dY9lYqFoq7HEXUDPBDMZwRrI911A6yHnp/cTHr1y0KvWLLL9hRojpzYznnFQU6mlCBDrVf86PZDEgdUaMKxUh3HjrSbYKkZ4XRS6MaKRpiM8IB2DBU4oMpNpqkn6MAofeSH0jyh0VSd30hwoNQ48MxkmlL99lLxL68Ta//MTZiIYk0FmR3yY450iNIKUJ9JSjQfG4KJZCYrIkMsMdGmqLSE75+i/0nzqOxUyse3x6XqRVZHHvZgHw7BgVOowjXUoAEEJDzCM7xYD9aT9Wq9zUZzVrazCz9gvX8B+7eSKw==</latexit>

JT ?

Getting the heat flux

<latexit sha1_base64="NShcJbFWGxCPCxTqxlvwVGGqDDY=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgKexKjAoeAl48eEjAmECyhNlJbzJm9sHMrBCWfIEXD4p49ZO8+TdOkhWiaEFDUdVNd5cXC660bX9auaXlldW1/HphY3Nre6e4u3enokQybLJIRLLtUYWCh9jUXAtsxxJp4AlseaOrqd96QKl4FN7qcYxuQAch9zmj2kiNm16xZJftGcgCObWdi6pDnEwpQYZ6r/jR7UcsCTDUTFClOo4dazelUnMmcFLoJgpjykZ0gB1DQxqgctPZoRNyZJQ+8SNpKtRkpi5OpDRQahx4pjOgeqh+e1PxL6+TaP/cTXkYJxpDNl/kJ4LoiEy/Jn0ukWkxNoQyyc2thA2ppEybbAomhO9Pyf/k7qTsVMuVRqVUu8ziyMMBHMIxOHAGNbiGOjSBAcIjPMOLdW89Wa/W27w1Z2Uz+/AD1vsXw7eM6Q==</latexit>

L

<latexit sha1_base64="wIusvlP1N8cST8y567tCPYUCsNw=">AAACB3icdVDLSsNAFJ34rPUVdSnIYBFcSEmkVgWFghtxVbEvaEKYTKft0JkkzkyEErpz46+4caGIW3/BnX/jpI1QRQ9cOJxzL/fe40eMSmVZn8bM7Nz8wmJuKb+8srq2bm5sNmQYC0zqOGShaPlIEkYDUldUMdKKBEHcZ6TpDy5Sv3lHhKRhUFPDiLgc9QLapRgpLXnmTvX8yqvBG+hIyskttC3LOXA4Un3Bk+bIMwtW0RoDTpEjyz4t29DOlALIUPXMD6cT4piTQGGGpGzbVqTcBAlFMSOjvBNLEiE8QD3S1jRAnEg3Gf8xgnta6cBuKHQFCo7V6YkEcSmH3Ned6YXyt5eKf3ntWHVP3IQGUaxIgCeLujGDKoRpKLBDBcGKDTVBWFB9K8R9JBBWOrq8DuH7U/g/aRwW7XKxdF0qVM6yOHJgG+yCfWCDY1ABl6AK6gCDe/AInsGL8WA8Ga/G26R1xshmtsAPGO9fsXmX9Q==</latexit>

P = JT S ! 100 W

<latexit sha1_base64="L+4TpemCQYo2hnilgTqfr71d+CM=">AAACAnicdVDLSsNAFJ3UV62vqCtxM1gEFxKSUquCi4IblxXtA5pYJtNJO3QmiTMToYTixl9x40IRt36FO//GSVuhih4YOJxzLnPv8WNGpbLtTyM3N7+wuJRfLqysrq1vmJtbDRklApM6jlgkWj6ShNGQ1BVVjLRiQRD3GWn6g/PMb94RIWkUXqthTDyOeiENKEZKSx1z58qVlJNb6FgV99DlSPUFT/noptQxi7ZljwFnyJHtnFYcHZ8oRTBFrWN+uN0IJ5yECjMkZduxY+WlSCiKGRkV3ESSGOEB6pG2piHiRHrp+IQR3NdKFwaR0C9UcKzOTqSISznkvk5mO8rfXib+5bUTFZx4KQ3jRJEQTz4KEgZVBLM+YJcKghUbaoKwoHpXiPtIIKx0awVdwvel8H/SKFlOxSpflovVs2kdebAL9sABcMAxqIILUAN1gME9eATP4MV4MJ6MV+NtEs0Z05lt8APG+xcknZaj</latexit>

S ! 1.6 m2

Naked human: confort for
<latexit sha1_base64="DvT4NwtBcJjnDJabIL4Np9v/dPE="></latexit>

T! ! 27" C " ! ! 10" C
<latexit sha1_base64="gZXrEHE6okk5l25SCyUPExS/l7o="></latexit>

Ra ! 3.1010 " Nu ! 400 " hT =
!
L

Nu ! 6.5 W.m! 1.K ! 1

<latexit sha1_base64="yDPa37D/9zjSSpqHMlFl2vxEnM8="></latexit>

JT = hT (Ts ! T! ) " 65 W/ m2

good order of magnitude

<latexit sha1_base64="su1gWnoJLtLjBJFWUSmusEwZGMk="></latexit>

hT =
!
L

Nu ! 6.5 W.m! 2.K ! 1



6.1 Human plume

<latexit sha1_base64="7SGBxgV//dCeGiWuDwj/VnNA8cU=">AAAB/XicdVDLSsNAFJ3UV42v+ti5GSyCi1ISqVXBRcGNywp9QRPCZDpph04mYWYixFD8FTcuFHHrf7jzb5y2EarogQuHc+7l3nv8mFGpLOvTKCwtr6yuFdfNjc2t7Z3S7l5HRonApI0jFomejyRhlJO2ooqRXiwICn1Guv74eup374iQNOItlcbEDdGQ04BipLTklQ7ankN5oNKKUzFbOfdKZatqzQAXyJllX9ZtaOdKGeRoeqUPZxDhJCRcYYak7NtWrNwMCUUxIxPTSSSJER6jIelrylFIpJvNrp/AY60MYBAJXVzBmbo4kaFQyjT0dWeI1Ej+9qbiX14/UcGFm1EeJ4pwPF8UJAyqCE6jgAMqCFYs1QRhQfWtEI+QQFjpwEwdwven8H/SOa3a9WrttlZuXOVxFMEhOAInwAbnoAFuQBO0AQb34BE8gxfjwXgyXo23eWvByGf2wQ8Y71+xRpS9</latexit>

U1, T1
<latexit sha1_base64="qHPev9mH+QWFPmaCjc/4oXtL74E=">AAAB6nicdVBNSwMxEJ2tX7V+VT16CRbBU9mVWhU8FLx4rNgvaJeSTbNtaJJdkqxQlv4ELx4U8eov8ua/MW1XqKIPBh7vzTAzL4g508Z1P53cyura+kZ+s7C1vbO7V9w/aOkoUYQ2ScQj1QmwppxJ2jTMcNqJFcUi4LQdjG9mfvuBKs0i2TCTmPoCDyULGcHGSveNvu4XS27ZnQMtkXPXu6p6yMuUEmSo94sfvUFEEkGlIRxr3fXc2PgpVoYRTqeFXqJpjMkYD2nXUokF1X46P3WKTqwyQGGkbEmD5uryRIqF1hMR2E6BzUj/9mbiX143MeGlnzIZJ4ZKslgUJhyZCM3+RgOmKDF8YgkmitlbERlhhYmx6RRsCN+fov9J66zsVcuVu0qpdp3FkYcjOIZT8OACanALdWgCgSE8wjO8ONx5cl6dt0VrzslmDuEHnPcvWQ6N1w==</latexit>

Ts

<latexit sha1_base64="WmkoRPlKPlOmABONuXkLXoY+8b4=">AAAB6nicdVBNS8NAEJ3Ur1q/qh69LBbBU0mkVgXBghePFU1baEPZbDft0s0m7G6EEvoTvHhQxKu/yJv/xk0boYo+GHi8N8PMPD/mTGnb/rQKS8srq2vF9dLG5tb2Tnl3r6WiRBLqkohHsuNjRTkT1NVMc9qJJcWhz2nbH19nfvuBSsUica8nMfVCPBQsYARrI925V6V+uWJX7RnQAjm1nYu6g5xcqUCOZr/80RtEJAmp0IRjpbqOHWsvxVIzwum01EsUjTEZ4yHtGipwSJWXzk6doiOjDFAQSVNCo5m6OJHiUKlJ6JvOEOuR+u1l4l9eN9HBuZcyESeaCjJfFCQc6Qhlf6MBk5RoPjEEE8nMrYiMsMREm3SyEL4/Rf+T1knVqVdrt7VK4zKPowgHcAjH4MAZNOAGmuACgSE8wjO8WNx6sl6tt3lrwcpn9uEHrPcvisGNTw==</latexit>

U?

<latexit sha1_base64="ICXpeccP6YqdJFcsitpWXMeI+gc=">AAAB83icdVBNS8NAEJ3Ur1q/qh69LBbBU0mkVgWFghePFUxbaELZbDft0s0m7G6EEvo3vHhQxKt/xpv/xk0bQUUfDDzem2FmXpBwprRtf1ilpeWV1bXyemVjc2t7p7q711FxKgl1Scxj2QuwopwJ6mqmOe0lkuIo4LQbTK5zv3tPpWKxuNPThPoRHgkWMoK1kTx34DER6im6siuDas2u23Ogb+TUdi6aDnIKpQYF2oPquzeMSRpRoQnHSvUdO9F+hqVmhNNZxUsVTTCZ4BHtGypwRJWfzW+eoSOjDFEYS1NCo7n6fSLDkVLTKDCdEdZj9dvLxb+8fqrDcz9jIkk1FWSxKEw50jHKA0BDJinRfGoIJpKZWxEZY4mJNjHlIXx9iv4nnZO606w3bhu11mURRxkO4BCOwYEzaMENtMEFAgk8wBM8W6n1aL1Yr4vWklXM7MMPWG+fyGeQ3A==</latexit>

U1 = 0

<latexit sha1_base64="d7YXKwqe87gnKVlmfg6PNB+u/vQ=">AAAB9XicdVDLSgMxFL1TX7W+qi7dBIvgqsyIVgXBghtxVaEvaMeSSTNtaCYzJBmlDP0PNy4Uceu/uPNvzLQjVNEDgcM593JPjhdxprRtf1q5hcWl5ZX8amFtfWNzq7i901RhLAltkJCHsu1hRTkTtKGZ5rQdSYoDj9OWN7pK/dY9lYqFoq7HEXUDPBDMZwRrI911A6yHnp/cTHr1y0KvWLLL9hRojpzYznnFQU6mlCBDrVf86PZDEgdUaMKxUh3HjrSbYKkZ4XRS6MaKRpiM8IB2DBU4oMpNpqkn6MAofeSH0jyh0VSd30hwoNQ48MxkmlL99lLxL68Ta//MTZiIYk0FmR3yY450iNIKUJ9JSjQfG4KJZCYrIkMsMdGmqLSE75+i/0nzqOxUyse3x6XqRVZHHvZgHw7BgVOowjXUoAEEJDzCM7xYD9aT9Wq9zUZzVrazCz9gvX8B+7eSKw==</latexit>

JT ?

with a sweater: same 

<latexit sha1_base64="NShcJbFWGxCPCxTqxlvwVGGqDDY=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgKexKjAoeAl48eEjAmECyhNlJbzJm9sHMrBCWfIEXD4p49ZO8+TdOkhWiaEFDUdVNd5cXC660bX9auaXlldW1/HphY3Nre6e4u3enokQybLJIRLLtUYWCh9jUXAtsxxJp4AlseaOrqd96QKl4FN7qcYxuQAch9zmj2kiNm16xZJftGcgCObWdi6pDnEwpQYZ6r/jR7UcsCTDUTFClOo4dazelUnMmcFLoJgpjykZ0gB1DQxqgctPZoRNyZJQ+8SNpKtRkpi5OpDRQahx4pjOgeqh+e1PxL6+TaP/cTXkYJxpDNl/kJ4LoiEy/Jn0ukWkxNoQyyc2thA2ppEybbAomhO9Pyf/k7qTsVMuVRqVUu8ziyMMBHMIxOHAGNbiGOjSBAcIjPMOLdW89Wa/W27w1Z2Uz+/AD1vsXw7eM6Q==</latexit>

L

<latexit sha1_base64="notDPk9dXf18GVE0iN/ZhqaK/LE=">AAACDnicdVDLSgMxFM34rPVVdekmWApuLDNSq4KLQjcuK/QFnXHIpJk2NMkMSUYYhn6BG3/FjQtF3Lp259+YPoQqeuDC4Zx7ufeeIGZUadv+tJaWV1bX1nMb+c2t7Z3dwt5+W0WJxKSFIxbJboAUYVSQlqaakW4sCeIBI51gVJ/4nTsiFY1EU6cx8TgaCBpSjLSR/EKp6St4Apu+S0WoU1dRDh371sVUYpcjPZQ8q4/9QtEu21PABXJmO5dVBzpzpQjmaPiFD7cf4YQToTFDSvUcO9ZehqSmmJFx3k0UiREeoQHpGSoQJ8rLpu+MYckofRhG0pTQcKouTmSIK5XywHROLlS/vYn4l9dLdHjhZVTEiSYCzxaFCYM6gpNsYJ9KgjVLDUFYUnMrxEMkEdYmwbwJ4ftT+D9pn5adarlyUynWruZx5MAhOALHwAHnoAauQQO0AAb34BE8gxfrwXqyXq23WeuSNZ85AD9gvX8BPrSbow==</latexit>

Ts ! T! " 10" C

could be
<latexit sha1_base64="ERVZqrT5yy7fLXsNbwXbGOhGne0=">AAACBHicdVDLSsNAFJ3UV62vqMtuBovgqiSltgouCt24rNAXNDFMptN26EwSZiZCCV248VfcuFDErR/hzr9x0kaoogcuHM65l3vv8SNGpbKsTyO3tr6xuZXfLuzs7u0fmIdHXRnGApMODlko+j6ShNGAdBRVjPQjQRD3Gen502bq9+6IkDQM2moWEZejcUBHFCOlJc8stj0JHUk5rNRvHUwFdjhSE8GT5twzS1bZWgCukHPLvqzZ0M6UEsjQ8swPZxjimJNAYYakHNhWpNwECUUxI/OCE0sSITxFYzLQNECcSDdZPDGHp1oZwlEodAUKLtTViQRxKWfc153phfK3l4p/eYNYjS7chAZRrEiAl4tGMYMqhGkicEgFwYrNNEFYUH0rxBMkEFY6t4IO4ftT+D/pVsp2rVy9qZYaV1kceVAEJ+AM2KAOGuAatEAHYHAPHsEzeDEejCfj1XhbtuaMbOYY/IDx/gUUeZfB</latexit>

Ts ! 27! C
<latexit sha1_base64="2MhEE/Me390Vv1A9ih/1HcpSyfY=">AAACCXicdVDLSgMxFM3UV62vqks3wSK4KjNSWwUXhW5cVugLOmPJpJk2NMkMSUYoQ7du/BU3LhRx6x+482/MtCNU0QMXDufcy733+BGjStv2p5VbWV1b38hvFra2d3b3ivsHHRXGEpM2Dlkoez5ShFFB2ppqRnqRJIj7jHT9SSP1u3dEKhqKlp5GxONoJGhAMdJGGhRha+BSEegpdBXl0KnduphK7HKkx5InjdmgWLLL9hxwiZzbzmXVgU6mlECG5qD44Q5DHHMiNGZIqb5jR9pLkNQUMzIruLEiEcITNCJ9QwXiRHnJ/JMZPDHKEAahNCU0nKvLEwniSk25bzrTC9VvLxX/8vqxDi68hIoo1kTgxaIgZlCHMI0FDqkkWLOpIQhLam6FeIwkwtqEVzAhfH8K/yeds7JTLVduKqX6VRZHHhyBY3AKHFADdXANmqANMLgHj+AZvFgP1pP1ar0tWnNWNnMIfsB6/wItVJoF</latexit>

T! ! 17" C and

Thickness of the sweater? 

compatible IR imaging 

<latexit sha1_base64="TOg3emjMYbaxM7BPh6w8qLbIxJg=">AAAB73icdVBNS8NAEJ3Ur1q/qh69LBbBU0mkVgUPBS8eK/QL2lA2m027dJONuxshhP4JLx4U8erf8ea/cdtGqKIPBh7vzTAzz4s5U9q2P63Cyura+kZxs7S1vbO7V94/6CiRSELbRHAhex5WlLOItjXTnPZiSXHocdr1Jjczv/tApWIiauk0pm6IRxELGMHaSL3WMPOEn06H5YpdtedAS+Tcdq7qDnJypQI5msPyx8AXJAlppAnHSvUdO9ZuhqVmhNNpaZAoGmMywSPaNzTCIVVuNr93ik6M4qNASFORRnN1eSLDoVJp6JnOEOux+u3NxL+8fqKDSzdjUZxoGpHFoiDhSAs0ex75TFKieWoIJpKZWxEZY4mJNhGVTAjfn6L/Sees6tSrtbtapXGdx1GEIziGU3DgAhpwC01oAwEOj/AML9a99WS9Wm+L1oKVzxzCD1jvX3EukDw=</latexit>

Tbody
<latexit sha1_base64="qHPev9mH+QWFPmaCjc/4oXtL74E=">AAAB6nicdVBNSwMxEJ2tX7V+VT16CRbBU9mVWhU8FLx4rNgvaJeSTbNtaJJdkqxQlv4ELx4U8eov8ua/MW1XqKIPBh7vzTAzL4g508Z1P53cyura+kZ+s7C1vbO7V9w/aOkoUYQ2ScQj1QmwppxJ2jTMcNqJFcUi4LQdjG9mfvuBKs0i2TCTmPoCDyULGcHGSveNvu4XS27ZnQMtkXPXu6p6yMuUEmSo94sfvUFEEkGlIRxr3fXc2PgpVoYRTqeFXqJpjMkYD2nXUokF1X46P3WKTqwyQGGkbEmD5uryRIqF1hMR2E6BzUj/9mbiX143MeGlnzIZJ4ZKslgUJhyZCM3+RgOmKDF8YgkmitlbERlhhYmx6RRsCN+fov9J66zsVcuVu0qpdp3FkYcjOIZT8OACanALdWgCgSE8wjO8ONx5cl6dt0VrzslmDuEHnPcvWQ6N1w==</latexit>

Ts

<latexit sha1_base64="kgSpZhks+KGjFB/YT/IjZcKFe+8=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgKexKjAoeAl48JmAekCxhdtKbjJl9MDMrhCVf4MWDIl79JG/+jZNkhSha0FBUddPd5cWCK23bn1ZuZXVtfSO/Wdja3tndK+4ftFSUSIZNFolIdjyqUPAQm5prgZ1YIg08gW1vfDPz2w8oFY/COz2J0Q3oMOQ+Z1QbqTHqF0t22Z6DLJFz27mqOsTJlBJkqPeLH71BxJIAQ80EVarr2LF2Uyo1ZwKnhV6iMKZsTIfYNTSkASo3nR86JSdGGRA/kqZCTebq8kRKA6UmgWc6A6pH6rc3E//yuon2L92Uh3GiMWSLRX4iiI7I7Gsy4BKZFhNDKJPc3ErYiErKtMmmYEL4/pT8T1pnZadarjQqpdp1FkcejuAYTsGBC6jBLdShCQwQHuEZXqx768l6td4WrTkrmzmEH7DevwDuJ40F</latexit>

h

<latexit sha1_base64="d7YXKwqe87gnKVlmfg6PNB+u/vQ=">AAAB9XicdVDLSgMxFL1TX7W+qi7dBIvgqsyIVgXBghtxVaEvaMeSSTNtaCYzJBmlDP0PNy4Uceu/uPNvzLQjVNEDgcM593JPjhdxprRtf1q5hcWl5ZX8amFtfWNzq7i901RhLAltkJCHsu1hRTkTtKGZ5rQdSYoDj9OWN7pK/dY9lYqFoq7HEXUDPBDMZwRrI911A6yHnp/cTHr1y0KvWLLL9hRojpzYznnFQU6mlCBDrVf86PZDEgdUaMKxUh3HjrSbYKkZ4XRS6MaKRpiM8IB2DBU4oMpNpqkn6MAofeSH0jyh0VSd30hwoNQ48MxkmlL99lLxL68Ta//MTZiIYk0FmR3yY450iNIKUJ9JSjQfG4KJZCYrIkMsMdGmqLSE75+i/0nzqOxUyse3x6XqRVZHHvZgHw7BgVOowjXUoAEEJDzCM7xYD9aT9Wq9zUZzVrazCz9gvX8B+7eSKw==</latexit>

JT ?
<latexit sha1_base64="d7YXKwqe87gnKVlmfg6PNB+u/vQ=">AAAB9XicdVDLSgMxFL1TX7W+qi7dBIvgqsyIVgXBghtxVaEvaMeSSTNtaCYzJBmlDP0PNy4Uceu/uPNvzLQjVNEDgcM593JPjhdxprRtf1q5hcWl5ZX8amFtfWNzq7i901RhLAltkJCHsu1hRTkTtKGZ5rQdSYoDj9OWN7pK/dY9lYqFoq7HEXUDPBDMZwRrI911A6yHnp/cTHr1y0KvWLLL9hRojpzYznnFQU6mlCBDrVf86PZDEgdUaMKxUh3HjrSbYKkZ4XRS6MaKRpiM8IB2DBU4oMpNpqkn6MAofeSH0jyh0VSd30hwoNQ48MxkmlL99lLxL68Ta//MTZiIYk0FmR3yY450iNIKUJ9JSjQfG4KJZCYrIkMsMdGmqLSE75+i/0nzqOxUyse3x6XqRVZHHvZgHw7BgVOowjXUoAEEJDzCM7xYD9aT9Wq9zUZzVrazCz9gvX8B+7eSKw==</latexit>

JT ?
<latexit sha1_base64="IEdca12vKLuqySXPRHz/KxPO1n8="></latexit>

! wool ! 0.05 W.m! 1.K ! 1

<latexit sha1_base64="eAqOthsiJd32DWjDOMZlTY9E6v8="></latexit>

JT =
! wool

h
(Tbody ! Ts)

<latexit sha1_base64="fnxQsGXnYd/QYN7AQ9uMbNnegX4=">AAAB/XicdVDLSgMxFM34rPU1PnZugkVwIWVGaq3gouDGZQX7gM5QMmmmDU0yQ5IR6lD8FTcuFHHrf7jzb8y0I1TRA4HDOfdyT04QM6q043xaC4tLyyurhbXi+sbm1ra9s9tSUSIxaeKIRbITIEUYFaSpqWakE0uCeMBIOxhdZX77jkhFI3GrxzHxORoIGlKMtJF69v7QU5TDmnficaSHkqecT3p2ySk7U8A5cua4F1UXurlSAjkaPfvD60c44URozJBSXdeJtZ8iqSlmZFL0EkVihEdoQLqGCsSJ8tNp+gk8MkofhpE0T2g4Vec3UsSVGvPATGYR1W8vE//yuokOa35KRZxoIvDsUJgwqCOYVQH7VBKs2dgQhCU1WSEeIomwNoUVTQnfP4X/k9Zp2a2WKzeVUv0yr6MADsAhOAYuOAd1cA0aoAkwuAeP4Bm8WA/Wk/Vqvc1GF6x8Zw/8gPX+BWDTlTA=</latexit>

h ! 8 mm



6.2 Dissolution of a lollipop

water

M.S.D Wykes et al. Physical Review Fluids (2018)
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6.2 Dissolution of a lollipop

time



<latexit sha1_base64="02g8ZrsSFsU7idjB7z8rk/1gIV4=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgKewGXRU8BLx4TMQ8IFnC7KSTjJl9MDMrhCVf4MWDIl79JG/+jZNkBRUtaCiquunu8mPBlbbtDyu3tLyyupZfL2xsbm3vFHf3mipKJMMGi0Qk2z5VKHiIDc21wHYskQa+wJY/vpr5rXuUikfhrZ7E6AV0GPIBZ1QbqX7TK5bssj0HWRCnYsip7Vy4LnEyqwQZar3ie7cfsSTAUDNBleo4dqy9lErNmcBpoZsojCkb0yF2DA1pgMpL54dOyZFR+mQQSVOhJnP1+0RKA6UmgW86A6pH6rc3E//yOokenHspD+NEY8gWiwaJIDois69Jn0tkWkwMoUxycythIyop0yabggnh61PyP2lWyo5bdusnpeplFkceDuAQjsGBM6jCNdSgAQwQHuAJnq0769F6sV4XrTkrm9mHH7DePgHYx4z5</latexit>

R

<latexit sha1_base64="Uc5O4LbGIyQO+aOrj/qg8oQClAw=">AAAB7nicdVBNS8NAEJ3Ur1q/qh69LBbBU0mKRgUPBS8eK1hbaEPZbLft0s0m7E6EEvojvHhQxKu/x5v/xm0bQUUfDDzem2FmXphIYdB1P5zC0vLK6lpxvbSxubW9U97duzNxqhlvsljGuh1Sw6VQvIkCJW8nmtMolLwVjq9mfuueayNidYuThAcRHSoxEIyilVqslxmK01654lbdOciCeDVLTl3vwveJl1sVyNHold+7/ZilEVfIJDWm47kJBhnVKJjk01I3NTyhbEyHvGOpohE3QTY/d0qOrNIng1jbUkjm6veJjEbGTKLQdkYUR+a3NxP/8jopDs6DTKgkRa7YYtEglQRjMvud9IXmDOXEEsq0sLcSNqKaMrQJlWwIX5+S/8ldrer5Vf/mpFK/zOMowgEcwjF4cAZ1uIYGNIHBGB7gCZ6dxHl0XpzXRWvByWf24Qect0/R8I/l</latexit>csat

<latexit sha1_base64="mwaU7w4v9we6KMt93TR2+T43cws=">AAAB6nicdVBNSwMxEJ31s9avqkcvwSJ4KrtFVwWFghePFe0HtEvJptk2NMkuSVYoS3+CFw+KePUXefPfmLYrqOiDgcd7M8zMCxPOtHHdD2dhcWl5ZbWwVlzf2NzaLu3sNnWcKkIbJOaxaodYU84kbRhmOG0nimIRctoKR1dTv3VPlWaxvDPjhAYCDySLGMHGSrfk0u2Vym7FnQHNiVe15MT1zn0feblVhhz1Xum9249JKqg0hGOtO56bmCDDyjDC6aTYTTVNMBnhAe1YKrGgOshmp07QoVX6KIqVLWnQTP0+kWGh9ViEtlNgM9S/van4l9dJTXQWZEwmqaGSzBdFKUcmRtO/UZ8pSgwfW4KJYvZWRIZYYWJsOkUbwten6H/SrFY8v+LfHJdrF3kcBdiHAzgCD06hBtdQhwYQGMADPMGzw51H58V5nbcuOPnMHvyA8/YJ4puNiw==</latexit>

c = 0

At the surface of the lollipop                 (mass concentration)<latexit sha1_base64="DUzs9pgWjtAKoleR65pnTskEGOM=">AAAB8HicdVBNSwMxEM36WetX1aOXYBE8ld2iq4JCwYvHCvZD2qVk02wbmmSXZFYoS3+FFw+KePXnePPfmLYrqOiDgcd7M8zMCxPBDbjuh7OwuLS8slpYK65vbG5tl3Z2myZONWUNGotYt0NimOCKNYCDYO1EMyJDwVrh6Grqt+6ZNjxWtzBOWCDJQPGIUwJWuqOXtJcZApNeqexW3BnwnHhVS05c79z3sZdbZZSj3iu9d/sxTSVTQAUxpuO5CQQZ0cCpYJNiNzUsIXREBqxjqSKSmSCbHTzBh1bp4yjWthTgmfp9IiPSmLEMbackMDS/van4l9dJIToLMq6SFJii80VRKjDEePo97nPNKIixJYRqbm/FdEg0oWAzKtoQvj7F/5NmteL5Ff/muFy7yOMooH10gI6Qh05RDV2jOmogiiR6QE/o2dHOo/PivM5bF5x8Zg/9gPP2CRMzkJk=</latexit>c = csat

liquid density:
<latexit sha1_base64="bt3KdLoLasckBrQWcst7wa4+zWY=">AAACF3icdVDLSgMxFM3UV62vUZdugkWoFOpM0apgoeDGZQX7gE4pmTTThmYeJHeEUvoXbvwVNy4Ucas7/8a0M4KKHgg5Oedebu5xI8EVWNaHkVlYXFpeya7m1tY3NrfM7Z2mCmNJWYOGIpRtlygmeMAawEGwdiQZ8V3BWu7ocua3bplUPAxuYByxrk8GAfc4JaClnlly5DDEVTy7elaRVhPiCOZBwS7So+StfT4YwmHPzFslaw6cELusyYlln1cq2E6tPEpR75nvTj+ksc8CoIIo1bGtCLoTIoFTwaY5J1YsInREBqyjaUB8prqT+V5TfKCVPvZCqU8AeK5+75gQX6mx7+pKn8BQ/fZm4l9eJwbvrDvhQRQDC2gyyIsFhhDPQsJ9LhkFMdaEUMn1XzEdEkko6ChzOoSvTfH/pFku2ZVS5fo4X7tI48iiPbSPCshGp6iGrlAdNRBFd+gBPaFn4954NF6M16Q0Y6Q9u+gHjLdPEn2eAw==</latexit>

! = ! 0 + c = ! 0 (1 + c/ ! 0)

<latexit sha1_base64="KHPXXLFEm8m57GIbNzT87WXEL4s=">AAAB83icdVBNS8NAEJ3Ur1q/qh69LBbBU0mKRgUPBS8eK1hbaELZbDft0s0HuxOhhP4NLx4U8eqf8ea/cdtGUNEHwzzem2FnX5BKodG2P6zS0vLK6lp5vbKxubW9U93du9NJphhvs0QmqhtQzaWIeRsFSt5NFadRIHknGF/N/M49V1ok8S1OUu5HdBiLUDCKRvK8gCMlHo5M61drdt2egyyI0zDk1HYuXJc4hVWDAq1+9d0bJCyLeIxMUq17jp2in1OFgkk+rXiZ5illYzrkPUNjGnHt5/Obp+TIKAMSJspUjGSuft/IaaT1JArMZERxpH97M/Evr5dheO7nIk4z5DFbPBRmkmBCZgGQgVCcoZwYQpkS5lbCRlRRhiamignh66fkf3LXqDtu3b05qTUvizjKcACHcAwOnEETrqEFbWCQwgM8wbOVWY/Wi/W6GC1Zxc4+/ID19gnsx5Gf</latexit>

!"
<latexit sha1_base64="VpVBZ8oCqcZFZZb0dBdRD26E2nQ="></latexit>

Ra =
g csat / ! 0 R3

" D
<latexit sha1_base64="G7xKA1dD3pbSoG1UKjaQsYz1s6w="></latexit>

Jm !
D
R

(csat " 0)
!

g csat / ! 0 R3

" D

" 1/ 4

mass conservation:

<latexit sha1_base64="/ClnKBlKLPxlb1Bd9tJUsyO/8RQ="></latexit>

dm
dt

= ! ! s4" R2 dR
dt

= 4 " R2Jm " 4" R2 D
R

(csat ! 0)
!

g csat / ! 0 R3

#D

" 1/ 4

<latexit sha1_base64="mKbkPyG2Umg0Qp1VT04AHs2wDJ4="></latexit>

dR
dt

! "
Dcsat

! s

!
g csat / ! 0

" D

" 1/ 4 1
R1/ 4



<latexit sha1_base64="v8GNM4Ej3Lg0UDSf/lWOEY/HdBA="></latexit>

! !
" sR0

Dcsat

!
#DR 0

g csat / " 0

" 1/ 4

<latexit sha1_base64="ezocU9sXP9ilfbd/5toStswM5F0="></latexit>

dR/R 0

dt
! "

Dcsat

! sR0

!
g csat / ! 0

" DR 0

" 1/ 4 1
(R/R 0)1/ 4

<latexit sha1_base64="UwPW0GqPFwyLTJJ0V6eBBodARQQ=">AAACC3icdVDJSgNBEO1xjXGLevTSJAjxYDITkqigEPDiMQazQCaGnk5P0qRnobtGCEPuXvwVLx4U8eoPePNv7CyCij4oeLxXRVU9JxRcgWl+GAuLS8srq4m15PrG5tZ2ame3oYJIUlangQhkyyGKCe6zOnAQrBVKRjxHsKYzvJj4zVsmFQ/8axiFrOORvs9dTgloqZtKW0e2YC5ka/la18S25P0BHN7EpXxxfA55G0jUTWXMnDkFnhGroEnJtE7LZWzNrQyao9pNvdu9gEYe84EKolTbMkPoxEQCp4KNk3akWEjokPRZW1OfeEx14ukvY3yglR52A6nLBzxVv0/ExFNq5Dm60yMwUL+9ifiX147APenE3A8jYD6dLXIjgSHAk2Bwj0tGQYw0IVRyfSumAyIJBR1fUofw9Sn+nzQKOaucK18VM5WzeRwJtI/SKIssdIwq6BJVUR1RdIce0BN6Nu6NR+PFeJ21LhjzmT30A8bbJzQAmUg=</latexit>

1 ! (R/R 0)5/ 4 = t/ ! with

<latexit sha1_base64="oBsZc73gTkAkbjVNUhZ9Z63zITE=">AAACCnicdVDJSgNBEO1xjXGLevTSGoR4MJkJSVRQCHjxGINZIBNDT6cnadKz0F0jhCFnL/6KFw+KePULvPk3dhZBRR8UPN6roqqeEwquwDQ/jLn5hcWl5cRKcnVtfWMztbVdV0EkKavRQASy6RDFBPdZDTgI1gwlI54jWMMZXIz9xi2Tigf+NQxD1vZIz+cupwS01EntVc+rHdMWzIWMdQQ5G0iEbcl7fTi8iQu54qiTSptZcwI8JVZek6JpnZZK2JpZaTRDpZN6t7sBjTzmAxVEqZZlhtCOiQROBRsl7UixkNAB6bGWpj7xmGrHk1dG+EArXewGUpcPeKJ+n4iJp9TQc3SnR6Cvfntj8S+vFYF70o65H0bAfDpd5EYCQ4DHueAul4yCGGpCqOT6Vkz7RBIKOr2kDuHrU/w/qeezVilbuiqky2ezOBJoF+2jDLLQMSqjS1RBNUTRHXpAT+jZuDcejRfjddo6Z8xmdtAPGG+fw2WZDw==</latexit>

R = R0 (1 ! t/ ! )4/ 5

Comparison with experiment: exponent  4/5 → OK
<latexit sha1_base64="6caJfUZSYxKJ4Px10Q+1UKX5XrA=">AAAB/XicdVDLSsNAFJ3UV62v+Ni5GSyCCylJ1aigUHDjsop9QBPCZDpth84kYWYi1FD8FTcuFHHrf7jzb5y0EVT0wMDhnHu5Z04QMyqVZX0YhZnZufmF4mJpaXlldc1c32jKKBGYNHDEItEOkCSMhqShqGKkHQuCeMBIKxheZH7rlghJo/BGjWLicdQPaY9ipLTkm1vXvgXP4YG773KkBoKnmI99s2xVrAnglNhVTY4s+9RxoJ1bZZCj7pvvbjfCCSehwgxJ2bGtWHkpEopiRsYlN5EkRniI+qSjaYg4kV46ST+Gu1rpwl4k9AsVnKjfN1LEpRzxQE9mEeVvLxP/8jqJ6p14KQ3jRJEQTw/1EgZVBLMqYJcKghUbaYKwoDorxAMkEFa6sJIu4eun8H/SrFZsp+JcHZZrZ3kdRbANdsAesMExqIFLUAcNgMEdeABP4Nm4Nx6NF+N1Olow8p1N8APG2ycOsJRc</latexit>

R0 = 3 cm
<latexit sha1_base64="WSXodoVUJMED4Iq4adbXxE1SFp4=">AAACB3icdVDLSsNAFJ3UV62vqEtBBovgQmLSalVQKLhxWcE+oI1hMp20Q2eSMDMRSsjOjb/ixoUibv0Fd/6N04egogcuHM65l3vv8WNGpbLtDyM3Mzs3v5BfLCwtr6yumesbDRklApM6jlgkWj6ShNGQ1BVVjLRiQRD3GWn6g4uR37wlQtIovFbDmLgc9UIaUIyUljxzG3upRCqD59C2yp39DkeqL3jaO8A8uyl7ZtG27DHghDglTY5s57RSgc7UKoIpap753ulGOOEkVJghKduOHSs3RUJRzEhW6CSSxAgPUI+0NQ0RJ9JNx39kcFcrXRhEQleo4Fj9PpEiLuWQ+7pzdKb87Y3Ev7x2ooITN6VhnCgS4smiIGFQRXAUCuxSQbBiQ00QFlTfCnEfCYSVjq6gQ/j6FP5PGiXLqViVq8Ni9WwaRx5sgR2wBxxwDKrgEtRAHWBwBx7AE3g27o1H48V4nbTmjOnMJvgB4+0TaPqYZg==</latexit>

csat = 0 .3 g/ cm3
<latexit sha1_base64="tDQtzimTjKfrReWigJp6HiX/zJE=">AAACB3icdVDLSgMxFM34rPU16lKQYBFcyDjT1qqgUHDjsoJ9QKcOmTRtQ5PMkGSEMnTnxl9x40IRt/6CO//G9CGo6IHA4Zx7yL0njBlV2nU/rJnZufmFxcxSdnlldW3d3tisqSiRmFRxxCLZCJEijApS1VQz0oglQTxkpB72L0Z+/ZZIRSNxrQcxaXHUFbRDMdJGCuwdX/aiQMFz6DnFgn/gc6R7kqfdQ8yHN4XAzrmOOwacEC9vyJHrnZZKJjKxcmCKSmC/++0IJ5wIjRlSqum5sW6lSGqKGRlm/USRGOE+6pKmoQJxolrp+I4h3DNKG3YiaZ7QcKx+T6SIKzXgoZkcral+eyPxL6+Z6M5JK6UiTjQRePJRJ2FQR3BUCmxTSbBmA0MQltTsCnEPSYS1qS5rSvi6FP5PannHKzmlq2KufDatIwO2wS7YBx44BmVwCSqgCjC4Aw/gCTxb99aj9WK9TkZnrGlmC/yA9fYJ3oWYEA==</latexit>

! s = 1 .43 g/ cm3

<latexit sha1_base64="yfRIroYSQzTe0htP5KJm1dadycU="></latexit>

D ! 4.3 á10! 10 m2/ s (sucrose in pure water)
<latexit sha1_base64="eMs1juWDAQdVuugSJvA1loTM30Q=">AAACD3icdVDLSgMxFM3UV62vUZdugkVxoXWm6KigUHDjsoK1hU5bMmnahiaZIckIZZg/cOOvuHGhiFu37vwb0xeo6IHAyTn3cu89QcSo0o7zaWVmZufmF7KLuaXlldU1e33jVoWxxKSCQxbKWoAUYVSQiqaakVokCeIBI9Wgfzn0q3dEKhqKGz2ISIOjrqAdipE2Usve9UUML6DrNJMDL/X3fY50T/KEp83i4fSj0paddwrOCHBM3KIhx4575nnQnVh5MEG5ZX/47RDHnAiNGVKq7jqRbiRIaooZSXN+rEiEcB91Sd1QgThRjWR0Twp3jNKGnVCaJzQcqd87EsSVGvDAVA43VL+9ofiXV49157SRUBHFmgg8HtSJGdQhHIYD21QSrNnAEIQlNbtC3EMSYW0izJkQppfC/8ltseB6Be/6KF86n8SRBVtgG+wBF5yAErgCZVABGNyDR/AMXqwH68l6td7GpRlr0rMJfsB6/wLkyZwB</latexit>

! = 10! 6 m2/ s (pure water)  ↔︎                            (saturated sucrose)
<latexit sha1_base64="PUf9aU39ocDbe3RHs1NMclJfomk=">AAACEHicdVDLSgMxFM3UV62vUZdugkV0oXWm1FrBRcGNywr2AZ1pyaRpG5rMDElGKMN8ght/xY0LRdy6dOffmLZTUNEDgZNz7uXee7yQUaks69PILCwuLa9kV3Nr6xubW+b2TkMGkcCkjgMWiJaHJGHUJ3VFFSOtUBDEPUaa3uhq4jfviJA08G/VOCQuRwOf9ilGSktd87Di4F6goG114pNS4hw7HKmh4DFPOsXT+UcmXTNvFawp4IzYRU3OLPuiXIZ2auVBilrX/HB6AY448RVmSMq2bYXKjZFQFDOS5JxIkhDhERqQtqY+4kS68fSgBB5opQf7gdDPV3Cqfu+IEZdyzD1dOdlQ/vYm4l9eO1L9ihtTP4wU8fFsUD9iUAVwkg7sUUGwYmNNEBZU7wrxEAmElc4wp0OYXwr/J41iwS4XyjelfPUyjSML9sA+OAI2OAdVcA1qoA4wuAeP4Bm8GA/Gk/FqvM1KM0baswt+wHj/AhKGnKs=</latexit>

8 á10! 4 m2/ s
<latexit sha1_base64="Dxuqvb8GF7XcQjp2UIYHHgyXXPk=">AAACBXicdVDLSsNAFJ34rPUVdamLwSK4kJIUGxVcFNy4rGAf0IQymU7boTOTODMRSujGjb/ixoUibv0Hd/6NkzaCih64cDjnXu69J4wZVdpxPqy5+YXFpeXCSnF1bX1j097abqookZg0cMQi2Q6RIowK0tBUM9KOJUE8ZKQVji4yv3VLpKKRuNbjmAQcDQTtU4y0kbr2nq9R4ivKyQ2sVB3/yOdIDyVPORWTrl1yys4UcEbciiFVxz3zPOjmVgnkqHftd78X4YQToTFDSnVcJ9ZBiqSmmJFJ0U8UiREeoQHpGCoQJypIp19M4IFRerAfSVNCw6n6fSJFXKkxD01ndqP67WXiX14n0f3TIKUiTjQReLaonzCoI5hFAntUEqzZ2BCEJTW3QjxEEmFtgiuaEL4+hf+TZqXsemXv6rhUO8/jKIBdsA8OgQtOQA1cgjpoAAzuwAN4As/WvfVovVivs9Y5K5/ZAT9gvX0CMwOYZw==</latexit>

! ! 250 min with <latexit sha1_base64="0TB1kZGErQCzt76dIaYnT7E/z3U=">AAAB8nicdVBNSwMxEM3Wr1q/qh69BIvgqewWXRU8FLx4rGA/oF1KNs22odlkSWaVsvRnePGgiFd/jTf/jWm7goo+GHi8N8PMvDAR3IDrfjiFpeWV1bXiemljc2t7p7y71zIq1ZQ1qRJKd0JimOCSNYGDYJ1EMxKHgrXD8dXMb98xbbiStzBJWBCToeQRpwSs1O3JtJ/dE2B62i9X3Ko7B14Qr2bJqetd+D72cquCcjT65ffeQNE0ZhKoIMZ0PTeBICMaOBVsWuqlhiWEjsmQdS2VJGYmyOYnT/GRVQY4UtqWBDxXv09kJDZmEoe2MyYwMr+9mfiX100hOg8yLpMUmKSLRVEqMCg8+x8PuGYUxMQSQjW3t2I6IppQm4Ep2RC+PsX/k1at6vlV/+akUr/M4yiiA3SIjpGHzlAdXaMGaiKKFHpAT+jZAefReXFeF60FJ5/ZRz/gvH0CDbSRxA==</latexit>! water

experiment:
<latexit sha1_base64="BogHW8hy9G2Hb/lM5D3Gqb/5IhA=">AAACBXicdVDLSgMxFM3UV62vUZe6CBbBhZSZYqcKLgpuXFawD+gMJZOmbWiSGZOMUIZu3Pgrblwo4tZ/cOffmGkrqOiBC4dz7uXee8KYUaUd58PKLSwuLa/kVwtr6xubW/b2TlNFicSkgSMWyXaIFGFUkIammpF2LAniISOtcHSR+a1bIhWNxLUexyTgaCBon2KkjdS1932NEl9RTm6gW634xz5Heih5yqmYdO2iU3KmgDPilg2pOO6Z50F3bhXBHPWu/e73IpxwIjRmSKmO68Q6SJHUFDMyKfiJIjHCIzQgHUMF4kQF6fSLCTw0Sg/2I2lKaDhVv0+kiCs15qHpzG5Uv71M/MvrJLp/GqRUxIkmAs8W9RMGdQSzSGCPSoI1GxuCsKTmVoiHSCKsTXAFE8LXp/B/0iyXXK/kXZ0Ua+fzOPJgDxyAI+CCKqiBS1AHDYDBHXgAT+DZurcerRfrddaas+Yzu+AHrLdPPG+YbQ==</latexit>

! ! 175 min



https://youtu.be/nQUH9nGTZTY

hot

→ course on Instabilities: Laurent Duchemin

7. Rayleigh-Bénard instability



Rayleigh-Bénard instability

<latexit sha1_base64="ice/Qw0gbbbZ3t4AVADv+uDJpgk=">AAAB6HicdVDLSgNBEOz1GeMr6tHLYBA8hd2gq4KHgBePCZgHJEuYnfQmY2YfzMwKYckXePGgiFc/yZt/4yRZQUULGoqqbrq7/ERwpW37w1paXlldWy9sFDe3tnd2S3v7LRWnkmGTxSKWHZ8qFDzCpuZaYCeRSENfYNsfX8/89j1KxePoVk8S9EI6jHjAGdVGatB+qWxX7DnIgjhVQ85s59J1iZNbZchR75fee4OYpSFGmgmqVNexE+1lVGrOBE6LvVRhQtmYDrFraERDVF42P3RKjo0yIEEsTUWazNXvExkNlZqEvukMqR6p395M/Mvrpjq48DIeJanGiC0WBakgOiazr8mAS2RaTAyhTHJzK2EjKinTJpuiCeHrU/I/aVUrjltxG6fl2lUeRwEO4QhOwIFzqMEN1KEJDBAe4AmerTvr0XqxXhetS1Y+cwA/YL19Au+DjQg=</latexit>a

<latexit sha1_base64="EbVEoqFbId0jr0Ien6gtQizb4Pg=">AAAB6nicdVBNSwMxEJ31s9avqkcvwSJ4KrtFVwUPBS8eK/YL2qVk02wbmmSXJCuUpT/BiwdFvPqLvPlvTNsVVPTBwOO9GWbmhQln2rjuh7O0vLK6tl7YKG5ube/slvb2WzpOFaFNEvNYdUKsKWeSNg0znHYSRbEIOW2H4+uZ376nSrNYNswkoYHAQ8kiRrCx0l2j7/ZLZbfizoEWxKtacuZ6l76PvNwqQ456v/TeG8QkFVQawrHWXc9NTJBhZRjhdFrspZommIzxkHYtlVhQHWTzU6fo2CoDFMXKljRorn6fyLDQeiJC2ymwGenf3kz8y+umJroIMiaT1FBJFouilCMTo9nfaMAUJYZPLMFEMXsrIiOsMDE2naIN4etT9D9pVSueX/FvT8u1qzyOAhzCEZyAB+dQgxuoQxMIDOEBnuDZ4c6j8+K8LlqXnHzmAH7AefsE/2uNng==</latexit>

T0

<latexit sha1_base64="Dv4NsgBJajnlx0Lnbvdq2spSgAI=">AAAB8XicdVDLSgNBEJyNrxhfUY9eBoMgCGE3aFTwEPDiMUJemCxhdtJJhszOLjO9QljyF148KOLVv/Hm3zh5CCpa0FBUddPdFcRSGHTdDyeztLyyupZdz21sbm3v5Hf3GiZKNIc6j2SkWwEzIIWCOgqU0Io1sDCQ0AxG11O/eQ/aiEjVcByDH7KBEn3BGVrprtZ1Tzo4BGTdfMEtujPQOfFKlpy53mW5TL2FVSALVLv5904v4kkICrlkxrQ9N0Y/ZRoFlzDJdRIDMeMjNoC2pYqFYPx0dvGEHlmlR/uRtqWQztTvEykLjRmHge0MGQ7Nb28q/uW1E+xf+KlQcYKg+HxRP5EUIzp9n/aEBo5ybAnjWthbKR8yzTjakHI2hK9P6f+kUSp65WL59rRQuVrEkSUH5JAcE4+ckwq5IVVSJ5wo8kCeyLNjnEfnxXmdt2acxcw++QHn7RMFhJCB</latexit>

T0 + !

<latexit sha1_base64="hzA+EiJ2szVVdizXl0X8czB4G+o=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgKewGXRU8BLx4TMA8IFnC7KSTjJl9MDMrxCVf4MWDIl79JG/+jZNkBRUtaCiquunu8mPBlbbtDyu3tLyyupZfL2xsbm3vFHf3mipKJMMGi0Qk2z5VKHiIDc21wHYskQa+wJY/vpr5rTuUikfhjZ7E6AV0GPIBZ1QbqX7fK5bssj0HWRCnYsip7Vy4LnEyqwQZar3ie7cfsSTAUDNBleo4dqy9lErNmcBpoZsojCkb0yF2DA1pgMpL54dOyZFR+mQQSVOhJnP1+0RKA6UmgW86A6pH6rc3E//yOokenHspD+NEY8gWiwaJIDois69Jn0tkWkwMoUxycythIyop0yabggnh61PyP2lWyo5bdusnpeplFkceDuAQjsGBM6jCNdSgAQwQHuAJnq1b69F6sV4XrTkrm9mHH7DePgEVdo0h</latexit>z <latexit sha1_base64="pOhkr3uLvI+3jub+rjK021H9Vzw=">AAAB7XicdVBNSwMxEJ31s9avqkcvwSJ4sewWXRU8FLx4rGA/oF1KNs22sdlkSbJCWfofvHhQxKv/x5v/xrRdQUUfDDzem2FmXphwpo3rfjgLi0vLK6uFteL6xubWdmlnt6llqghtEMmlaodYU84EbRhmOG0niuI45LQVjq6mfuueKs2kuDXjhAYxHggWMYKNlZpdNZS9416p7FbcGdCceFVLTl3vwveRl1tlyFHvld67fUnSmApDONa647mJCTKsDCOcTordVNMEkxEe0I6lAsdUB9ns2gk6tEofRVLZEgbN1O8TGY61Hseh7YyxGerf3lT8y+ukJjoPMiaS1FBB5ouilCMj0fR11GeKEsPHlmCimL0VkSFWmBgbUNGG8PUp+p80qxXPr/g3J+XaZR5HAfbhAI7AgzOowTXUoQEE7uABnuDZkc6j8+K8zlsXnHxmD37AefsEbZCPCg==</latexit>! !

<latexit sha1_base64="XC87G+JKSlxBNSRn7VsTyoHqX9A=">AAAB7XicdVBNSwMxEJ31s9avqkcvwSIIQtktuip4KHjxWMF+QLuUbJptY7PJkmSFsvQ/ePGgiFf/jzf/jWm7goo+GHi8N8PMvDDhTBvX/XAWFpeWV1YLa8X1jc2t7dLOblPLVBHaIJJL1Q6xppwJ2jDMcNpOFMVxyGkrHF1N/dY9VZpJcWvGCQ1iPBAsYgQbKzW7aih7x71S2a24M6A58aqWnLrehe8jL7fKkKPeK713+5KkMRWGcKx1x3MTE2RYGUY4nRS7qaYJJiM8oB1LBY6pDrLZtRN0aJU+iqSyJQyaqd8nMhxrPY5D2xljM9S/van4l9dJTXQeZEwkqaGCzBdFKUdGounrqM8UJYaPLcFEMXsrIkOsMDE2oKIN4etT9D9pViueX/FvTsq1yzyOAuzDARyBB2dQg2uoQwMI3MEDPMGzI51H58V5nbcuOPnMHvyA8/YJaoiPCA==</latexit>! +

temperature profile:
<latexit sha1_base64="DYalkX7Qh57oMYmocGm5oNZFSz0=">AAACBXicdVDLSgMxFM34rPVVdamLYBEqYp0pOiooFNy4rNAXtGXIpJk2NPMguSO0pRs3/oobF4q49R/c+Tem7QgqeuByD+fcS3KPGwmuwDQ/jJnZufmFxdRSenlldW09s7FZVWEsKavQUISy7hLFBA9YBTgIVo8kI74rWM3tXY392i2TiodBGfoRa/mkE3CPUwJacjI75dxgH1/ismMeNKHLgBxOGx4cESeTNfPmBHhKrIImJ6Z1btvYSqwsSlByMu/NdkhjnwVABVGqYZkRtIZEAqeCjdLNWLGI0B7psIamAfGZag0nV4zwnlba2AulrgDwRP2+MSS+Un3f1ZM+ga767Y3Fv7xGDN5Za8iDKAYW0OlDXiwwhHgcCW5zySiIviaESq7/immXSEJBB5fWIXxdiv8n1ULesvP2zXG2eJHEkULbaBflkIVOURFdoxKqIIru0AN6Qs/GvfFovBiv09EZI9nZQj9gvH0CqA6Wyw==</latexit>

T (z) = T0 + ! ! ! z/a

density profile:
<latexit sha1_base64="AtPsy4b/Si2me2hVpLvu2NFtS9U="></latexit>

! (z) = ! 0 (1 ! " (T(z) ! T0))
<latexit sha1_base64="T4XjvVVknzoeIwWImoWKOoy3NN0="></latexit>

! (z) = ! 0 (1 ! " (# ! #z/a ))

light at the bottom ⇒ unstable?

<latexit sha1_base64="02g8ZrsSFsU7idjB7z8rk/1gIV4=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgKewGXRU8BLx4TMQ8IFnC7KSTjJl9MDMrhCVf4MWDIl79JG/+jZNkBRUtaCiquunu8mPBlbbtDyu3tLyyupZfL2xsbm3vFHf3mipKJMMGi0Qk2z5VKHiIDc21wHYskQa+wJY/vpr5rXuUikfhrZ7E6AV0GPIBZ1QbqX7TK5bssj0HWRCnYsip7Vy4LnEyqwQZar3ie7cfsSTAUDNBleo4dqy9lErNmcBpoZsojCkb0yF2DA1pgMpL54dOyZFR+mQQSVOhJnP1+0RKA6UmgW86A6pH6rc3E//yOokenHspD+NEY8gWiwaJIDois69Jn0tkWkwMoUxycythIyop0yabggnh61PyP2lWyo5bdusnpeplFkceDuAQjsGBM6jCNdSgAQwQHuAJnq0769F6sV4XrTkrm9mHH7DePgHYx4z5</latexit>

R
<latexit sha1_base64="w9sgjcj6PFqtjWVLtMg6JOCx4B8=">AAAB73icdVDLSgNBEOz1GeMr6tHLYBA8hd2gq4KHgBePEcwDkiXMzk6SIbMPZ3qFuOQnvHhQxKu/482/cZKsoKIFDUVVN91dfiKFRtv+sBYWl5ZXVgtrxfWNza3t0s5uU8epYrzBYhmrtk81lyLiDRQoeTtRnIa+5C1/dDn1W3dcaRFHNzhOuBfSQST6glE0UrsbcImU3PdKZbtiz0DmxKkacmI7565LnNwqQ456r/TeDWKWhjxCJqnWHcdO0MuoQsEknxS7qeYJZSM64B1DIxpy7WWzeyfk0CgB6cfKVIRkpn6fyGio9Tj0TWdIcah/e1PxL6+TYv/My0SUpMgjNl/UTyXBmEyfJ4FQnKEcG0KZEuZWwoZUUYYmoqIJ4etT8j9pViuOW3Gvj8u1izyOAuzDARyBA6dQgyuoQwMYSHiAJ3i2bq1H68V6nbcuWPnMHvyA9fYJ9fOP7Q==</latexit>

! z

After a perturbation a blob of size     moves up by 
<latexit sha1_base64="w9sgjcj6PFqtjWVLtMg6JOCx4B8=">AAAB73icdVDLSgNBEOz1GeMr6tHLYBA8hd2gq4KHgBePEcwDkiXMzk6SIbMPZ3qFuOQnvHhQxKu/482/cZKsoKIFDUVVN91dfiKFRtv+sBYWl5ZXVgtrxfWNza3t0s5uU8epYrzBYhmrtk81lyLiDRQoeTtRnIa+5C1/dDn1W3dcaRFHNzhOuBfSQST6glE0UrsbcImU3PdKZbtiz0DmxKkacmI7565LnNwqQ456r/TeDWKWhjxCJqnWHcdO0MuoQsEknxS7qeYJZSM64B1DIxpy7WWzeyfk0CgB6cfKVIRkpn6fyGio9Tj0TWdIcah/e1PxL6+TYv/My0SUpMgjNl/UTyXBmEyfJ4FQnKEcG0KZEuZWwoZUUYYmoqIJ4etT8j9pViuOW3Gvj8u1izyOAuzDARyBA6dQgyuoQwMYSHiAJ3i2bq1H68V6nbcuWPnMHvyA9fYJ9fOP7Q==</latexit>

! z
<latexit sha1_base64="02g8ZrsSFsU7idjB7z8rk/1gIV4=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgKewGXRU8BLx4TMQ8IFnC7KSTjJl9MDMrhCVf4MWDIl79JG/+jZNkBRUtaCiquunu8mPBlbbtDyu3tLyyupZfL2xsbm3vFHf3mipKJMMGi0Qk2z5VKHiIDc21wHYskQa+wJY/vpr5rXuUikfhrZ7E6AV0GPIBZ1QbqX7TK5bssj0HWRCnYsip7Vy4LnEyqwQZar3ie7cfsSTAUDNBleo4dqy9lErNmcBpoZsojCkb0yF2DA1pgMpL54dOyZFR+mQQSVOhJnP1+0RKA6UmgW86A6pH6rc3E//yOokenHspD+NEY8gWiwaJIDois69Jn0tkWkwMoUxycythIyop0yabggnh61PyP2lWyo5bdusnpeplFkceDuAQjsGBM6jCNdSgAQwQHuAJnq0769F6sV4XrTkrm9mHH7DePgHYx4z5</latexit>

R

mismatch with ambiant density:
<latexit sha1_base64="FGZiS1f7a9vCoefneXhFc667e70="></latexit>

!" = ! " 0 #
$
a

! z

buoyancy force:
<latexit sha1_base64="dL6a1zhJE85WcaNeXSHM0NAO50w="></latexit>

4
3

! R3"#g =
4
3

! R3#0g$
%
a

"z



Buoyancy balanced by viscous drag (we assume               ) 
<latexit sha1_base64="t8UnJO2rVZg0vY7+nkQYqtLz9IE=">AAAB7nicdVDLSgNBEOyNrxhfUY9eBoPgKewGXRU8BLx4jGIekCxhdtKbDJl9MDMrhCUf4cWDIl79Hm/+jZNkBRUtaCiquunu8hPBlbbtD6uwtLyyulZcL21sbm3vlHf3WipOJcMmi0UsOz5VKHiETc21wE4ikYa+wLY/vpr57XuUisfRnZ4k6IV0GPGAM6qN1L7FnhDE6ZcrdtWegyyIUzPk1HYuXJc4uVWBHI1++b03iFkaYqSZoEp1HTvRXkal5kzgtNRLFSaUjekQu4ZGNETlZfNzp+TIKAMSxNJUpMlc/T6R0VCpSeibzpDqkfrtzcS/vG6qg3Mv41GSaozYYlGQCqJjMvudDLhEpsXEEMokN7cSNqKSMm0SKpkQvj4l/5NWreq4VffmpFK/zOMowgEcwjE4cAZ1uIYGNIHBGB7gCZ6txHq0XqzXRWvBymf24Qest0+kso8f</latexit>

Re ! 1
<latexit sha1_base64="qFBzSI21DzMJMzKS4Zxlo6JogWI="></latexit>

4
3

! R3" 0g#
$
a

%z = 6 !& RU

<latexit sha1_base64="yQ87oJKAdUd/0GFX4Gz2OWxHHF0="></latexit>

U =
d! z
dt

=
9
2

" 0gR2

#
$

%
a

! z

<latexit sha1_base64="NsmAG5Tck+EJM/nLmayHhyY1AnE=">AAACE3icdVBNSwMxEM36WetX1aOXYBGqh7orWhUUCl48KlgVumXJplMNzWaXZFasS/+DF/+KFw+KePXizX9j+iGo6IOBl/dmyMwLEykMuu6HMzI6Nj4xmZvKT8/Mzs0XFhbPTJxqDjUey1hfhMyAFApqKFDCRaKBRaGE87B92PPPr0EbEatT7CTQiNilEi3BGVopKKz7TZDI6G0J1w7o1yNwfbhJSrjhI0uDjMfqursWFIpu2e2DDoi3acm26+1VKtQbWkUyxHFQePebMU8jUMglM6buuQk2MqZRcAndvJ8aSBhvs0uoW6pYBKaR9W/q0lWrNGkr1rYU0r76fSJjkTGdKLSdEcMr89vriX959RRbu41MqCRFUHzwUSuVFGPaC4g2hQaOsmMJ41rYXSm/YppxtDHmbQhfl9L/ydlm2auUKydbxer+MI4cWSYrpEQ8skOq5Igckxrh5I48kCfy7Nw7j86L8zpoHXGGM0vkB5y3T699nXM=</latexit>

! z(t) = ! z0 exp(t/ "conv ) with
<latexit sha1_base64="VZlaCyt9AtiPxPc4/i0HH43m+Ic="></latexit>

! conv !
"

#0gR2

a
$%

As the blog rises up, thermal diffusion attenuates
<latexit sha1_base64="mdjHYvyssDa4x5DdqlFUlkKNviI=">AAAB7XicdVBNSwMxEM3Wr1q/qh69BIvgqewWXRU8FLx4rGA/oF1KNs22sdlkSWaFsvQ/ePGgiFf/jzf/jWm7goo+GHi8N8PMvDAR3IDrfjiFpeWV1bXiemljc2t7p7y71zIq1ZQ1qRJKd0JimOCSNYGDYJ1EMxKHgrXD8dXMb98zbbiStzBJWBCToeQRpwSs1OrBiAHplytu1Z0DL4hXs+TU9S58H3u5VUE5Gv3ye2+gaBozCVQQY7qem0CQEQ2cCjYt9VLDEkLHZMi6lkoSMxNk82un+MgqAxwpbUsCnqvfJzISGzOJQ9sZExiZ395M/MvrphCdBxmXSQpM0sWiKBUYFJ69jgdcMwpiYgmhmttbMR0RTSjYgEo2hK9P8f+kVat6ftW/OanUL/M4iugAHaJj5KEzVEfXqIGaiKI79ICe0LOjnEfnxXldtBacfGYf/YDz9gnQHY9L</latexit>

!
<latexit sha1_base64="uhV7kQKh6m4Vsdz02kQ9CR+Afik=">AAACC3icdVDLSsNAFJ3UV62vqks3Q4vgqiRFo4KLghuXVewDmhpuJpN26OTBzEQoIXs3/oobF4q49Qfc+TdOH4KKHrhwOOde7r3HSziTyjQ/jMLC4tLySnG1tLa+sblV3t5pyzgVhLZIzGPR9UBSziLaUkxx2k0EhdDjtOONzid+55YKyeLoWo0T2g9hELGAEVBacssVR0HqZj4LgtyRLMROIIBkVzf1PHOAJ0PI3XLVrJlT4Bmx6pocmdapbWNrblXRHE23/O74MUlDGinCQcqeZSaqn4FQjHCal5xU0gTICAa0p2kEIZX9bPpLjve14uMgFroihafq94kMQinHoac7Q1BD+dubiH95vVQFJ/2MRUmqaERmi4KUYxXjSTDYZ4ISxceaABFM34rJEHQYSsdX0iF8fYr/J+16zbJr9uVhtXE2j6OI9lAFHSALHaMGukBN1EIE3aEH9ISejXvj0XgxXmetBWM+s4t+wHj7BP3Cm6k=</latexit>

! dif f !
R2

"



Unstable if 
<latexit sha1_base64="NavxmJt/FUs/nkh2KhbZwyWFVIo=">AAACA3icdVDLSsNAFJ34rPUVdaebwSK4KknRqOCi4MZlBfuAJpTJdJIOnUzCzKRQQsCNv+LGhSJu/Ql3/o3TJoKKHrhw5px7mXuPnzAqlWV9GAuLS8srq5W16vrG5ta2ubPbkXEqMGnjmMWi5yNJGOWkrahipJcIgiKfka4/vpr53QkRksb8Vk0T4kUo5DSgGCktDcx9V6F0kA1pEORuGMLiiWM+yQdmzapbc8CC2A1NTi37wnGgXVo1UKI1MN/dYYzTiHCFGZKyb1uJ8jIkFMWM5FU3lSRBeIxC0teUo4hIL5vfkMMjrQxhEAtdXMG5+n0iQ5GU08jXnRFSI/nbm4l/ef1UBedeRnmSKsJx8VGQMqhiOAsEDqkgWLGpJggLqneFeIQEwkrHVtUhfF0K/yedRt126s7NSa15WcZRAQfgEBwDG5yBJrgGLdAGGNyBB/AEno1749F4MV6L1gWjnNkDP2C8fQL8lphl</latexit>

! dif f ! ! conv

<latexit sha1_base64="fJwATUHsQUfTcO0ZTuduxAJUNRw="></latexit>

R2

!
!

"
#0gR2

a
$%

<latexit sha1_base64="gwrYOGh/Wit4rxWfXVQwqXpW6t8="></latexit>

gR4!"
#$a

! 1

The bigger the blob, the more instable ⇒ most unstable configuration
<latexit sha1_base64="6LwQ4xaBNZ5OeltlAM5XYbxGZUs=">AAAB7nicdVBNSwMxEJ2tX7V+VT16CRbBU9ktuip4KHjxWMV+QLuUbJptQ5PskmSFsvRHePGgiFd/jzf/jWm7goo+GHi8N8PMvDDhTBvX/XAKS8srq2vF9dLG5tb2Tnl3r6XjVBHaJDGPVSfEmnImadMww2knURSLkNN2OL6a+e17qjSL5Z2ZJDQQeChZxAg2Vmrf9jQTCPfLFbfqzoEWxKtZcup6F76PvNyqQI5Gv/zeG8QkFVQawrHWXc9NTJBhZRjhdFrqpZommIzxkHYtlVhQHWTzc6foyCoDFMXKljRorn6fyLDQeiJC2ymwGenf3kz8y+umJjoPMiaT1FBJFouilCMTo9nvaMAUJYZPLMFEMXsrIiOsMDE2oZIN4etT9D9p1aqeX/VvTir1yzyOIhzAIRyDB2dQh2toQBMIjOEBnuDZSZxH58V5XbQWnHxmH37AefsE/8qPWw==</latexit>

R ! a

Unstable if 

<latexit sha1_base64="Xs2rDyDyFhC3GpAflW0ks0tEbGg="></latexit>

Ra =
ga3!"

#$
> Ra c

Lecture from L. Duchemin
<latexit sha1_base64="MOpo/20S/zo5/n9c74mU2pkc8KQ=">AAAB9HicdVBNSwMxEJ2tX7V+VT16CRbBU8kWXRU8FLx4rGI/oF1KNk3b0Gx2TbKFsvR3ePGgiFd/jDf/jWm7goo+GHi8N8PMvCAWXBuMP5zc0vLK6lp+vbCxubW9U9zda+goUZTVaSQi1QqIZoJLVjfcCNaKFSNhIFgzGF3N/OaYKc0jeWcmMfNDMpC8zykxVvJvSZd2NA+RizHuFku4jOdAC+JWLDnF7oXnITezSpCh1i2+d3oRTUImDRVE67aLY+OnRBlOBZsWOolmMaEjMmBtSyUJmfbT+dFTdGSVHupHypY0aK5+n0hJqPUkDGxnSMxQ//Zm4l9eOzH9cz/lMk4Mk3SxqJ8IZCI0SwD1uGLUiIklhCpub0V0SBShxuZUsCF8fYr+J41K2fXK3s1JqXqZxZGHAziEY3DhDKpwDTWoA4V7eIAneHbGzqPz4rwuWnNONrMPP+C8fQI8CpEa</latexit>

Rac ! 1000

<latexit sha1_base64="LGCfb/3WXIAdovYzvphKVMKFMH4=">AAACAHicdVDLSsNAFJ34rPUVdeHCzWAR3FiSolHBRcGN4KaCfUASy2Q6aYdOJmFmIpQQF/6KGxeKuPUz3Pk3TtsIKnrgwuGce7n3niBhVCrL+jBmZufmFxZLS+XlldW1dXNjsyXjVGDSxDGLRSdAkjDKSVNRxUgnEQRFASPtYHg+9tu3REga82s1SogfoT6nIcVIaalrbnsBUejO9SKkBiLKLvOb7MDO/a5ZsarWBHBK7JomR5Z96jjQLqwKKNDomu9eL8ZpRLjCDEnp2lai/AwJRTEjedlLJUkQHqI+cTXlKCLSzyYP5HBPKz0YxkIXV3Cifp/IUCTlKAp05/hO+dsbi395bqrCEz+jPEkV4Xi6KEwZVDEcpwF7VBCs2EgThAXVt0I8QAJhpTMr6xC+PoX/k1atajtV5+qwUj8r4iiBHbAL9oENjkEdXIAGaAIMcvAAnsCzcW88Gi/G67R1xihmtsAPGG+fHI2Wvg==</latexit>

! [K ! 1]
<latexit sha1_base64="g+2N8DLU9gf2nD1v6qWKlEA28JU=">AAACB3icdVDLSgMxFM3UV62vUZeCBIvgqs4UrQouCm5cVrAPmI4lk2ba0CQzJBmhDHXlxl9x40IRt/6CO//GTB+gogcCJ+fcy733BDGjSjvOp5Wbm19YXMovF1ZW19Y37M2thooSiUkdRyySrQApwqggdU01I61YEsQDRprB4CLzm7dEKhqJaz2Mic9RT9CQYqSN1LF32yKBd16bI92XPOWjm/Lh7KNGfscuOiVnDDghbtmQY8c9q1SgO7WKYIpax/5odyOccCI0Zkgpz3Vi7adIaooZGRXaiSIxwgPUI56hAnGi/HR8xwjuG6ULw0iaJzQcq987UsSVGvLAVGYrqt9eJv7leYkOT/2UijjRRODJoDBhUEcwCwV2qSRYs6EhCEtqdoW4jyTC2kRXMCHMLoX/k0a55FZKlaujYvV8Gkce7IA9cABccAKq4BLUQB1gcA8ewTN4sR6sJ+vVepuU5qxpzzb4Aev9C8Z2meg=</latexit>

! [m2/ s]
<latexit sha1_base64="j+2jbw7ndC+UBqETdXxr0GA7b0o=">AAACCnicdVDLSsNAFJ3UV62vqks3o0VwVZOiUcFFwY3LCvYBSSyT6aQdOpOEmYlQQty68VfcuFDErV/gzr9x2qagogcGzpxzL/fe48eMSmWan0Zhbn5hcam4XFpZXVvfKG9utWSUCEyaOGKR6PhIEkZD0lRUMdKJBUHcZ6TtDy/GfvuWCEmj8FqNYuJx1A9pQDFSWuqWd13E4gGCd47LkRoInvLspnY4+8jM65YrZtWcAE6JVdPk2LTObBtauVUBORrd8ofbi3DCSagwQ1I6lhkrL0VCUcxIVnITSWKEh6hPHE1DxIn00skpGdzXSg8GkdAvVHCifu9IEZdyxH1dOV5R/vbG4l+ek6jg1EtpGCeKhHg6KEgYVBEc5wJ7VBCs2EgThAXVu0I8QAJhpdMr6RBml8L/SatWteyqfXVUqZ/ncRTBDtgDB8ACJ6AOLkEDNAEG9+ARPIMX48F4Ml6Nt2lpwch7tsEPGO9fEtObKQ==</latexit>

! [m2/ s]
<latexit sha1_base64="fnCugDHny7yFk2PtdXwk+uRJmf0="></latexit>

! / "# [s2m! 2K ! 1]
<latexit sha1_base64="xYKEdcarDWhd4Co3PQlM76zApUQ=">AAAB+nicdVDLSgMxFM3UV62vqS7dBIvgqswUHRVcFNy4rGAf0A5DJs20oUlmSDJKGfspblwo4tYvceffmGlHUNEDgcM593JPTpgwqrTjfFilpeWV1bXyemVjc2t7x67udlScSkzaOGax7IVIEUYFaWuqGeklkiAeMtINJ5e5370lUtFY3OhpQnyORoJGFCNtpMCuogDD/oAjPZY843zmB3bNqTtzwAVxG4acOO6550G3sGqgQCuw3wfDGKecCI0ZUqrvOon2MyQ1xYzMKoNUkQThCRqRvqECcaL8bB59Bg+NMoRRLM0TGs7V7xsZ4kpNeWgm84zqt5eLf3n9VEdnfkZFkmoi8OJQlDKoY5j3AIdUEqzZ1BCEJTVZIR4jibA2bVVMCV8/hf+TTqPuenXv+rjWvCjqKIN9cACOgAtOQRNcgRZoAwzuwAN4As/WvfVovVivi9GSVezsgR+w3j4BfIqUKg==</latexit>

ac[mm]

estimate with 
<latexit sha1_base64="8l42P2y11zl7K+ypqJjUOp718LA=">AAACBHicdVDLSgNBEJyNrxhfqx5zGQyCp7AbzKqgEMjFYwTzgOwaZieTZMjsg5leISw5ePFXvHhQxKsf4c2/cTaJoKIFDUVVN91dfiy4Asv6MHJLyyura/n1wsbm1vaOubvXUlEiKWvSSESy4xPFBA9ZEzgI1oklI4EvWNsf1zO/fcuk4lF4DZOYeQEZhnzAKQEt9cyiCyMGBF/gqnXjUi6pGxAYySCtT3tmySpbM+A5sSuaVC37zHGwvbBKaIFGz3x3+xFNAhYCFUSprm3F4KVEAqeCTQtuolhM6JgMWVfTkARMeensiSk+1EofDyKpKwQ8U79PpCRQahL4ujO7UP32MvEvr5vA4NRLeRgnwEI6XzRIBIYIZ4ngPpeMgphoQqjk+lZMR0QSCjq3gg7h61P8P2lVyrZTdq6OS7XzRRx5VEQH6AjZ6ATV0CVqoCai6A49oCf0bNwbj8aL8TpvzRmLmX30A8bbJ+7/l6s=</latexit>

! = 50! C

air

water

glycerin

3.4 10-3

2 10-4

4.8 10-4

1.5 10-5

10-6

10-3

2 10-5

1.4 10-7

10-7

107

1.4 109

5 106

6

1

7


